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Signetics reserves the right to make changes, without notice, in the products, 
including circuits, standard cells, and/or software, described or contained herein in 
order to improve design and/or performance. Signetics assumes no responsibility or 
liability for the use of any of these products, conveys no license or title under any 
patent, copyright, or mask work right to these products, and makes no representa- 
tions or warranties that these products are free from patent, copyright, or mask work 
right infringement, unless otherwise specified. Applications that are described herein 
for any of these products are for illustrative purposes only. Signetics makes no 
representation or warranty that such applications will be suitable for the specified use 
without further testing or modification. 


FE SUPPORT 

SIGNETICS PRODUCTS ARE NOT FOR USE AS CRITICAL COMPONENTS IN LIFE 
SUPPORT DEVICES OR SYSTEMS WITHOUT EXPRESS WRITTEN APPROVAL 
OF AN OFFICER OF SIGNETICS CORPORATION. As used herein: 


1. Life support devices or systems are devices or systems which, (a) are 
intended for surgical implant into the body, or (b) support or sustain life, and 
whose failure to perform, when properly used in accordance with instructions 
for use provided in the labeling, can be reasonably expected to result in a 
significant injury to the user. 


2. A critical component is any component of a life support device or system 
whose failure to perform can be reasonably expected to cause the failure of 
the life support device or system, or to affect its safety or effectiveness. 


Signetics registers eligible circuits under 
the Semiconductor Chip Protection Act. 


© Copyright 1986 Signetics Corporation 


All rights reserved. 


DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic compo- 
nents, subassemblies and materials. It is made up of four series of handbooks: 


ELECTRON TUBES BLUE 
SEMICONDUCTORS | RED 
INTEGRATED CIRCUITS | PURPLE 
COMPONENTS AND MATERIALS | GREEN 


The contents of each series are listed on pages iv to vii. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 


When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 


Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). | 


Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 


February 1984 iil 


ELECTRON TUBES (BLUE SERIES) 


The blue series of data handbooks comprises: 

T1 Tubes for r.f. heating 

T2a =‘ Transmitting tubes for communications, glass types 
T2b = Transmitting tubes for communications, ceramic types 
T3 Klystrons 

T4 Magnetrons for microwave heating 


T5 Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 


T6 Geiger-Miuller tubes 


T8 Colour display systems 
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units 


T9 Photo and electron multipliers 

T10  Plumbicon camera tubes and accessories 
T11 Microwave semiconductors and components 
T12 Vidicon and Newvicon camera tubes 

T13 =‘ Image intensifiers and infrared detectors 
T15 = Dry reed switches 


T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 


iv October 1985 


SEMICONDUCTORS (RED SERIES) 


_ The red series of data handbooks comprises: 


$1 


S2a 
S2b 
S3 
S4a 
S4b 
S5 
S6 
S7 
- $Ba 


S8b 


S9 

$10 
S11 
$12 
$13 


$14 


Si a silicon diodes, voltage regulator diodes (< 1,5 W), voltage reference diodes, 
tuner diodes, rectifier diodes 

Power diodes 

Thyristors and triacs 

Small-signal transistors. 

Low-frequency power transistors and hybrid modules 

High-voltage and switching power transistors 

Field-effect transistors 

R.F. power transistors and modules 

Surface mounted semiconductors 

Light-emitting diodes 

Devices for optoelectronics . 
Optocouplers, photosensitive diodes and transistors, infrared light-emitting diodes and 
infrared sensitive devices, laser and fibre-optic components 

Power MOS transistors 

Wideband transistors and wideband hybrid IC modules 

Microwave transistors 

Surface acoustic wave devices 


Semiconductor sensors 


Liquid Crystal Displays 


| February 1987 
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INTEGRATED CIRCUITS (PURPLE SERIES) 


The purple series of handbooks comprises: 


ic01 


1C02a/b 


ICO3 


1C04 


ICO5N 


ICO6GN 


iC08 


ICOON 


IC10 


IC11N 


Supplement . 


to 1C11N 
IC12 
IC13 


IC14 


IC15 


IC16 
IC17 
iC18 


February 1987 


Radio, audio and associated systems 
Bipolar, MOS 


Video and associated systems 
Bipolar, MOS — | 


Integrated circuits for telephony 
Bipolar, MOS 


HE4000B logic family 
CMOS 


HE4000B logic family — uncased ICs 
CMOS | 


High-speed CMOS; PC74HC/HCT/HCU 
Logic family 


ECL 10K and 100K logic families 


TTL logic series 


Memories 
MOS, TTL, ECL 


Linear LSI 
Linear LSI 


12C-bus compatible ICs 


Semi-custom 
Programmable Logic Devices (PLD) 


Microcontrollers and peripherals 
Bipolar, MOS 


FAST TTL logic series 


CMOS integrated circuits for clocks and watches 
Integrated Services Digital Networks (ISDN) 


Microprocessors and peripherals 


published 1986 
published 1986 
published 1986 
published 1986 
published 1984 
published 1986 
published 1986 


published 1986 


new issue 1987 


published 1985 
published 1986 


not yet issued 


new issue 1987 


new issue 1987 
published 1986 


published 1986 


not yet issued 
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COMPONENTS AND MATERIALS (GREEN SERIES) 


The green series of data handbooks comprises: 

C2 Television tuners, coaxial aerial input assemblies, surface acoustic wave filters 
C3 _ Loudspeakers | 

C4 . Ferroxcube potcores, square cores and cross cores 

C5 ___ Ferroxcube for power, audio/video and accelerators 

C6 Synchronous motors and gearboxes 

C7 Variable capacitors 

C8 Variable mains transformers 

c9 Piezoelectric quartz devices 


| C11 = Varistors, thermistors and sensors 


C12 Potentiometers, encoders and switches 
C13. ——~Fixed resistors 

C14 _ ~ Electrolytic and solid capacitors 
C15 Ceramic capacitors 

C16 Permanent magnet materials 
C17 Stepping motors and associated electronics 
C18 Direct current motors 
C19 Piezoelectric ceramics 


C20 Wire-wound components for TVs and monitors 


C22 ‘Film capacitors 


July 1986 
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Preface 


The continuing trend of system integration has created new challenges for Design 
Engineering. They must strive to consolidate higher complexity, and more feature 
intensive circuits into designs without sacrificing flexibility. Today's competitive 
electronic marketplace has created the need for logic devices, which can provide 
cost effective methods of reducing random logic requirements, interface with fixed 
and custom LSI logic, and maintain the flexible features required to make necessary 
system modifications prior to production. Signetics has responded to this need with 
Signetics Programmable Logic Devices (Signetics PLD). 


The Signetics Programmable Logic family consists of a relatively few devices which 
are designed to address logic needs ranging from random gates in the case of the 
Field Programmable Gate Arrays, to highly sophisticated state machines in the case 
of Field Programmable Logic Sequencers. Signetics pioneered the fully-programma- 
ble AND/OR/INVERT architecture in 1975. In 1987, Signetics will introduce a new 
concept in PLD architectures. Moving away from an AND-OR array structure, the 
Signetics' Programmable Macro Logic architecture relies on a single NAND array 
concept. Signetics' novel architectural approach to Programmable Logic incorpo- 
rates all the advantages associated with more dense complex gate arrays while 
retaining all the benefits of instantly programmable PLDs. By using the programma- 
ble features allowed by either powerful architecture, Signetics Programmable Logic 
can encompass wide-ranging levels of integration without the necessity of a 
multitude of devices, each with a different |/O configuration. The flexible program- 
ming structure allows the designer to ''mold" the device architecture to the range of 
applications typically found in system design. In this way, one device can be used to 
perform several functions in the same design. 


The 1987 Signetics Programmable Logic Data Manual contains information that the 
designer will require in order to effectively utilize these products. 
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Product Status 


DEFINITIONS 


Data Sheet 
Identification Product Status Definition 


This data sheet contains the design target or goal 
Objective Specification Formative or In Design | specifications for product development. Specifications may 
change in any manner without notice. 


This data sheet contains preliminary data and supplementary 
data will be published at a later date. Signetics reserves the 
right to make changes at any time without notice in order to 
improve design and supply the best possible product. 


Preliminary Specification Preproduction Product 


This data sheet contains Final Specifications. Signetics 
‘reserves the right to make changes at any time without 

STORUCT SPOCINCAGON oe Production: notice in order to improve design and supply the best 
possible product. 
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SIGNETICS PROGRAMMABLE 
LOGIC QUALITY 


Signetics has put together winning processes 
for manufacturing Programmable Logic. Our 
standard is zero defects, and current custom- 
er quality statistics demonstrate our commit- 
ment to this goal. 


The PLD's produced in the Application Spe- 
cific Products Division must meet rigid criteria 
as defined by our design rules and as evaluat- 
ed with a thorough product characterization 
and quality process. The capabilities of our 
manufacturing process are measured and the 
results evaluated and reported through our 
corporate-wide QA05 data base system. The 
SURE (Systematic Uniform Reliability Evalua- 
tion) program monitors the performance of 
our product in a variety of accelerated envi- 
ronmental stress conditions. All of these pro- 
grams and systems are intended to prevent 
product-related problems and to inform our 
customers and employees of our progress in 
achieving zero defects. 


RELIABILITY BEGINS WITH THE 
DESIGN 


Quality and reliability must begin with design. 
No amount of extra testing or inspection will 
produce reliable ICs from a design that is 
inherently unreliable. Signetics follows very 
strict design and layout practices with its 
circuits. To eliminate the possibility of metal 
migration, current density in any path cannot 
exceed 2 X 10° amps/cm?. Layout rules are 
followed to minimize the possibility of shorts, 
circuit anomalies, and SCR type latch-up 
effects. Numerous ground-to-substrate con- 
nections are required to ensure that the entire 
chip is at the same ground potential, thereby 
precluding internal noise problems. 


PRODUCT CHARACTERIZATION 

Before a new design is released, the charac- 
terization phase is completed to insure that 
the distribution of parameters resulting from 
lot-to-lot variations is well within specified 
limits. Such extensive characterization data 


November 1986 


Quality 
and 


Reliability 


also provides a basis for identifying unique 
application-related problems which are not 
part of normal data sheet guarantees. Char- 
acterization takes place from -55°C to 
+125°C and at +10% supply voltage. 


QUALIFICATION 

Formal qualification procedures are required 
for all new or changed products, processes 
and facilities. These procedures ensure the 
high level of product reliability our customers 
expect. New facilities are qualified by corpo- 
rate groups as well as by the quality organiza- 
tions of specific units that will operate in the 
facility. After qualification, products manufac- 
tured by the new facility are subjected to 
highly accelerated environmental stresses to 
ensure that they can meet rigorous failure 
rate requirements. New or changed process- 
es are similarly qualified. 


QA05 - QUALITY DATA BASE 


REPORTING SYSTEM 

The QA05 data reporting system collects the 
results of product assurance testing on all 
finished lots and feeds this data back to 
concerned organizations where appropriate 
action can be taken. The QA05 reports EPQ 
(Estimated Process Quality) and AOQ (Aver- 
age Outgoing Quality) results for electrical, 
visual/mechanical, hermeticity, and docu- 
mentation audits. Data from this system is 
available on request. 


THE SURE PROGRAM 

The SURE (Systematic Uniform Reliability 
Evaluation) program audits/monitors prod- 
ucts from all Signetics'’ divisions under a 
variety of accelerated environmental stress 
conditions. This program, first introduced in 
1964, has evolved to suit changing product 
complexities and performance requirements. 


The SURE program has two major functions: 
Long-term accelerated stress performance 
audit and a short-term accelerated stress 
monitor. In the case of Bipolar Memory and 
Programmable Logic products, samples are 
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selected that represent all generic product 
groups in all wafer fabrication and assembly 
locations. 


THE LONG-TERM AUDIT 
One-hundred devices from each generic fam- 
ily are subjected to each of the following 
stresses every eight weeks: 


@ High Temperature Operating Life: 
Ty = 150°C, 1000 hours, static biased or 
dynamic operation, as appropriate (worst 
case bias configuration is chosen) 

@ High Temperature Storage: Ty = 150°C, 
1000 hours 

® Temperature Humidity Biased Life: 85°C, 
85% relative humidity, 1000 hours, 
static biased 

@ Temperature Cycling (Air-to-Air): -65°C 
to +150°C, 1000 cycles 


THE SHORT-TERM MONITOR 
Every other week a 50-piece sample from 
each generic family is run to 168 hours of 
pressure pot (15psig, 121°C, 100% saturated 
steam) and 300 cycles of thermal shock 
(-65°C to +150°C). 


In addition, each Signetics assembly plant 
performs SURE product monitor stresses 
weekly on each generic family and molded 
package by pin count and frame type. Fifty- 
piece samples are run on each stress, pres- 
sure pot to 96 hours, thermal shock to 300 
cycles. 


SURE REPORTS 

The data from these test matrices provides a 
basic understanding of product capability, an 
indication of major failure mechanisms and an 
estimated failure rate resulting from each 
stress. This data is compiled periodically and 
is available to customers upon request. 


Many customers use this information in lieu of 
running their own qualification tests, thereby 
eliminating time-consuming and costly addi- 
tional testing. 
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RELIABILITY ENGINEERING 

in addition to the product performance moni- 
tors encompassed in the Programmable Log- 
ic SURE program, Signetics' Corporate and 
Division Reliability Engineering departments 
’ sustain a broad range of evaluation and 
qualification activities. 


Included in the engineering process are: 

® Evaluation and qualification of new or 
changed materials, assembly/wafer-fab 
processes and equipment, product 
designs, facilities and subcontractors. 

®@ Device or generic group failure rate 
studies. 

@ Advanced environmental stress 
development. 


® Failure mechanism characterization and 
corrective action/prevention reporting. 


The environmental stresses utilized in the 
engineering programs are similar to those 
utilized for the SURE monitor; however, more 
highly-accelerated conditions and extended 
durations typify the engineering projects. Ad- 
ditional stress systems such as biased pres- 
sure pot, power-temperature cycling, and cy- 
cle-biased temperature-humidity, are also in- 
cluded in the evaluation programs. 


FAILURE ANALYSIS 

The SURE Program and the Reliability Engj- 
neering Program both include failure analysis 
activities and are complemented by corpo- 
rate, divisional and plant failure analysis de- 
partments. These engineering units provide a 
service to our customers who desire detailed 
failure analysis support, who in turn provide 
Signetics with the technical understanding of 
the failure modes and mechanisms actually 
experienced in service. This information is 
essential in our ongoing effort to accelerate 
and improve our understanding of product 
failure mechanisms and their prevention. 


ZERO DEFECTS PROGRAM 

In recent years, United States industry has 
increasingly demanded improved product 
quality. We at Signetics believe that the 
customer has every right to expect quality 
products from a supplier. The benefits which 
are derived from quality products can be 
summed up in the words, lower cost of 
ownership. 
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Those of you who invest in costly test equip- 
ment and engineering to assure that incoming 
products meet your specifications have a 
special understanding of the cost of owner- 
ship. And your cost does not end there; you 
are also burdened with inflated inventories, 
lengthened lead times and more rework. 


SIGNETICS UNDERSTANDS 
CUSTOMERS' NEEDS 


Signetics has long had an organization of 
quality professionals, inside all operating un- 
its, coordinated by a corporate quality depart- 
ment. This broad decentralized organization 
provides leadership, feedback, and direction 
for achieving a high level of quality. Special 
programs are targeted on specific quality 
issues. For example, in 1978 a program to 
reduce electrically defective units for a major 
automotive manufacturer improved outgoing 
quality levels by an order of magnitude. 


In 1980 we recognized that in order to 
achieve outgoing levels on the order of 
100PPM (parts per million), down from an 
industry practice of 10,000PPM, we needed 
to supplement our traditional quality programs 
with one that encompassed all activities and 
all levels of the company. Such unprecedent- 
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ed low defect levels could only be achieved 
by contributions from all employees, from the 
R and D laboratory to the shipping dock. In 
short, from a program that would effect a total 
cultural change within Signetics in our attitude 
toward quality. 


QUALITY PAYS OFF FOR OUR 
CUSTOMERS 


Signetics' dedicated programs in product 
quality improvement, supplemented by close 
working relationships with many of our cus- 
tomers, have improved outgoing product 
quality more than twenty-fold since 1980. 
Today, many major customers no longer test 
Signetics circuits. Incoming product moves 
directly from the receiving dock to the produc- 
tion line, greatly accelerating throughput and 
reducing inventories. Other customers have 
pared significantly the amount of sampling 
done on our products. Others are beginning 
to adopt these cost-saving practices. 


We closely monitor the electrical, visual, and 

mechanical quality of all our products and 

review each return to find and correct the | 
cause. Since 1981, over 90% of our custom- 

ers report a significant improvement in overall 

quality (see Figure 1). 
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Figure 1. Signetics Quality Progress 
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At Signetics, quality means more than work- 
ing circuits. It means on-time delivery of the 
right product at the agreed upon price (see 
Figure 2). Signetics considers Performance to 
Customer Request and Performance to Origi- 
nal Schedule Date to be key Quality issues. 
Employees treat delinquencies as quality de- 
fects. They analyze the cause for the delin- 
quency and seek corrective action to prevent 
future occurance. Continuous effort is given 
to try to acheive the ultimate goal of zero 
delinquencies. 


ONGOING QUALITY PROGRAM 
The quality improvement program at 
Signetics is based on ''Do it Right the First 
Time". The intent of this innovative program 
is to change the perception of Signetics' 
employees that somehow quality is solely a 
manufacturing issue where some level of 
defects is inevitable. This attitude has been 
replaced by one of acceptance of the fact 
that all errors and defects are preventable, a 
point of view shared by all technical and 
administrative functions equally. 


This program extends into every area of the 
company, and more than 40 quality improve- 


ment teams throughout the organization drive 


its ongoing refinement and progress. 


Key components of the program are the 
Quality College, the ''Make Certain” Pro- 
gram, Corrective Action Teams, and the Error 
Cause Removal System. 
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Figure 2. Performance To Schedule On-Time Delivery 
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The core concepts of doing it right the first 

time are embodied in the four absolutes of 

quality: 

1. The definition of quality is conformance 
to requirements. 


2. The system to achieve quality improve- 
ment is prevention. 

3. The performance standard is zero de- 
fects. 


4. The measurement system is the cost of 
‘quality. 


QUALITY COLLEGE 

Almost continuously in session, Quality Col- 
lege is a prerequisite for all employees. The 
intensive curriculum is built around the four 
absolutes of quality; colleges are conducted 
at company facilities throughout the world. 


"MAKING CERTAIN" - 
ADMINISTRATIVE QUALITY 
IMPROVEMENT 


Signetics' experience has shown that the 
largest source of errors affecting product and 
service quality is found in paperwork and in 
other administrative functions. The ''Make 
Certain" program focuses the attention of 
management and administrative personnel on 
error prevention, beginning with each employ- 
ee's own actions. 
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This program promotes defect prevention in 
three ways: by educating employees as to the 
impact and cost of administrative errors, by 
changing attitudes from accepting occasional 
errors to one of accepting a personal work 
standard of zero defects, and by providing a 
formal mechanism for the prevention of er- 
rors. 


CORRECTIVE ACTION TEAMS 
Employees with the perspective, knowledge, 
and necessary skills to solve a problem are 
formed into ad hoc groups called Corrective 
Action Teams. These teams, a major force 
within the company for quality improvement, 
resolve administrative, technical and manu- 
facturing problems. 


ECR SYSTEM (ERROR CAUSE 
REMOVAL) 


The ECR System permits employees to re- 
port to management any impediments to 
doing the job right the first time. Once such 
an impediment is reported, management is 
obliged to respond promptly with a corrective 
program. Doing it right the first time in all 
company activities produces lower cost of 
ownership through defect prevention. 


PRODUCT QUALITY PROGRAM 
To reduce defects in outgoing products, we 
created the Product Quality Program. This is 
managed by the Product Engineering Council, 
composed of the top product engineering and 
test professionals in the company. This 
group: 

1. Sets aggressive product quality improve- 
ment goals; 

2. provides corporate-level visibility and fo- 
cus on problem areas; 

3. serves as a corporate resource for any 
group requiring assistance in quality im- 
provement; and 

4. drives quality improvement projects. 


As a result of this aggressive program, every 
major customer who reports back to us on 
product performance is reporting significant 
progress. 


VENDOR CERTIFICATION 
PROGRAM 


Our vendors are taking ownership of their 
own product quality by establishing improved 
process control and inspection systems. They 
subscribe to the zero defects philosophy. 
Progress has been excellent. 
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Figure 3. Lot Acceptance Rate From Signetics Vendors 


Through intensive work with vendors, we 
have improved our lot acceptance rate on 
incoming materials as shown in Figure 3. 
Simultaneously, waivers of incoming material 
have been eliminated. 


MATERIAL WAIVERS 
1986 -— (0) (Goai) 


1985- 0 
1984- 0 
1983- 0 
1982- 2 
1981-134 


Higher incoming quality material ensures 
higher outgoing quality products. 


QUALITY AND RELIABILITY 
ORGANIZATION 

Quality and reliability professionals at the 
divisional level are involved with all aspects of 
the product, from design through every step 
in the manufacturing process, and provide 
product assurance testing of outgoing prod- 
uct. A separate corporate-level group pro- 
vides direction and common facilities. 
Quality and Reliability Functions _ 

@ Manufacturing quality control 

® Product assurance testing 


® Laboratory facilities ~ failure analysis, 
chemical, metallurgy, thin film, oxides 


@ Environmental stress testing 
© Quality and reliability engineering 
@ Customer liaison 
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COMMUNICATING WITH EACH 
OTHER 


For information on Signetics' quality pro- 
grams or for any question concerning product 
quality, the field salesperson in your area will 
provide you with the quickest access to 
answers. Or, write on your letter-head directly 
to the corporate director of quality at the 
corporate address shown at the back of this 
manual. 


We are dedicated to preventing defects. 
When product problems do occur, we want to 
know about them so we can eliminate their 
causes. Here are some ways we can help 
each other: 


@ Provide us with one informed contact 
within your organization. This will 
establish continuity and build confidence 
levels. 


@ Periodic face-to-face exchanges of data 
and quality improvement ideas between 
your engineers and ours can help 
prevent problems before they occur. 


@ Test correlation data is very useful. 
Line-pull information and field failure 
reports also help us improve product 
performance. 


® Provide us with as much specific data. 


on the problem as soon as possible to 
speed analysis and enable us to take 
corrective action. 

® An advance sample of the devices in 
question can start us on the problem 
resolution before physical return of 
shipment. 
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This team work with you will allow us to 
achieve our mutual goal of improved product 
quality. 


MANUFACTURING: DOING IT 
RIGHT THE FIRST TIME 


In dealing with the standard manufacturing 
flows, it was recognized that significant im- 
provement would be achieved by ‘doing 
every job right the first time", a key concept 
of the quality improvement program. During 
the development of the program many pro- 
found changes were made. Figure 4, Pro- 
grammable Logic Process Flow, shows the 
result. Key changes included such things as 
implementing 100% temperature testing on 
all products as weil as upgrading test han- 
dlers to insure 100% positive binning. Some 
of the other changes and additions were to 
tighten the outgoing QA lot acceptance crite- 
ria to the tightest in the industry, with zero 
defect lot acceptance sampling across all 
three temperatures. 


The achievements resulting from the im- 
proved process flow have helped Signetics to 
be recognized as the leading Quality supplier 
of Programmable Logic. These achievements 
have also led to our participation in several 
Ship-to-Stock programs, which our customers 
use to eliminate incoming inspection. Such 
programs reduce the user cost of ownership 
by saving both time and money. 


OUR GOAL: 100% 
PROGRAMMING YIELD 


Our original goal back in the early 1970s was 
to develop a broad line of programmable 
products which would be recognized as hav- 
ing the best programming yield in the industry. 
Within the framework of a formal quality 
program, our efforts to improve circuit de- 
signs and refine manufacturing controls havo 
resulted in major advances toward that goal. 


Also within the framework of our formal 
quality program we have now established a 
stated goal of 100% programming yield. 
Through the increasing effectiveness of a 
quality attitude of ''Do It Right The First 
Time" we're moving ever closer to that tar- 
get. 


Signetics PLD programming yields have been 
shown in collected data from internal audits 
and customer reporting to be consistently 
higher than comparable devices produced by 
our competition. We use systematic methods 
involving publication of exacting specifica- 
tions of our programming algorithms, and 
through evaluation of those algorithms as 
implemented in industry standard program- 
ming equipment. Because of this we can 
assure our Customers who program Signetics 
PLD's on such qualified equipment they will - 
see consistently high yields. Our data base 
shows that average lot programming yield 
exceeds 97%. 
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WAFER 
FABRICATION 


SCANNING ELECTRON MICROSCOPE CONTROL 


Wafers are sampled daily by the Quality Control Laboratory from each fabrication area and subjected to SEM 
analysis. This process control reveals manufacturing defects such as contact and oxide step coverage in the 
metalization process which may result in early falitures. 


DIE SORT VISUAL ACCEPTANCE 


Product is inspected for defects caused during fabrication, wafer testing, or the mechanical scribe and break 
operation. Defects such as scratches, smears and glassivated bonding pads are included in the lot 
acceptance criteria. 


PRE-SEAL VISUAL ACCEPTANCE 


Product is inspected to detect any damage incurred at the die attach and wire bonding stations. Defects such 
as scratches, contamination and smeared ball bonds are included in the lot acceptance criteria. 


STABILIZATION BAKE PRECONDITIONING 


Plastic molded devices are baked to stress wire and die bonds and help eliminate marginal devices. It aiso 
ensures an optimum plastic seal to enhance moisture resistance. Hermetic devices are baked to ensure the 
elimination of any remaining cavity moisture. 


TEMPERATURE CYCLING 


Using MIL-STD-883 Method 1010.1 Condition C devices are cycled from cold to hot temperatures imposing a 
very severe stress which weakens loose bonds and package seals without degrading good devices. A 
loosened bond is later detected during 100% electrical tests. 


SEAL TESTS 
Hermetic package seal integrity is ensured by 100% gross leak testing. 


100% ELECTRICAL TEST 


Every device is tested for functional and AC/DC parameters at high temperature with guard bands to assure 
performance to data sheet limits. 


BURN IN (SUPR I! LEVEL B OPTION) 
Devices are burned in for 21 hours at 155°C maximum junction temperature. 


SYMBOL 


Devices are marked with the Signetics logo, device number and date code or custom symbol per individual 
specification requirements. 


VISUAL 
All products are 100% visually inspected per the requirements specified in Signetics or customer documents. 


100% PRODUCTION ELECTRICAL TESTING 


Every device is tested for functional and AC/DC parameters at 25°C with guard bands to assure 
performance to data sheet limits. 


FINAL QUALITY ASSURANCE GATE 


The final QA inspection step guarantees that the specified mechanical and electrical AQL's have been met. 
Every shipment is sealed and identified by QA personnel. 


Figure 4. Application Specific Products Programmable Logic Process Flow 
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As time. goes on the drive for a product line 
that has Zero Defects will grow in intensity. 
These efforts will provide both Signetics and 
our customers with the ability to achieve the 
mutual goal of improved product quality. 


Defective Parts per Million 
in Thousands 
7 


The Application Specific Quality Assurance 
department has monitored PPM progress, 
which can be seen in Figure 5. We are 
pleased with the progress that has been 
made, and expect to achieve even more 
impressive results as the procedures for ac- 
complishing these tasks are fine tuned. 


The real measure of any quality improvement 
program is the result that our customers see. 
The meaning of Quality is more than just Electrical and Mechanical 
working circuits. It means commitment to On 
Time Delivery at the Right Place of the Right 
Quantity of the Right Product at the Agreed 
Upon Price. 


1979 1980 1981 1982 1983 
OP012238 


Figure 5. Programmable Logic AOQ (Average Outgoing Quality) 
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SIGNETICS PN | ARCHITECTURE 


a 
PLS153 
PLS153A 
PLHS153** 
PLUS153** 
PLC153** 
PLS161 
PLS173 
PLC173** 
PLUS173** 
PLHS473 
PLC473** 


PLS105 
PLS105A 
PLC105** 
PLUS405** 
PLS155 
PLS157 
PLS159 
PLS167 
PLS167A 
PLS168 
PLS168A 
PLS179 


PLHS18P8A 


3 


——— 16xX9x9 28 Pin 
PLS151 18 X 15 X 12 20 Pin 


re 
18 X 42 X 10 
18 X 42 X 10 
18 X 42 X 10 
18 X 42 X 10 
18 X 42 X 10 
12 X 48 X 8 
22 X 42 X 10 
22 X 42 X 10 
22 X 42 X 10 
20 X 24 X 11 
20 X 24 X 11 
18 X 72 X 8 


16 X 48 X 8 
16 X 48 x 8 
16 X 48 X 8 
16 X 64 X 8 
16 X 45 X 12 
16 X 45 X 12 
16 X 45 X 12 
14 X 48 X 6 
14 X 48 X6 
12 X 48 X 8 
12 X 48 X 8 
20 X 45 X 12 


INTERNAL 
peered STATE OUTPUTS 
REGISTERS 


C, 1/0, R, RI/O | (Typical Values)'2 


TOTAL 
INPUTS 
(# DEDICATED) 


6 plus 2* 
6 plus 2* 
6 plus 4* 
6 4* 


aaa Se DR ean MAAS SRN: LAREN SIC IE 


PLHS501 
PLHS502 


OUTPUTS: 


32 X 72 X 24 
32 X 64 X 24 


C = Combinatorial output 


R = Registered output 


1/O = Combinatorial 1/O 
R 1/0 = Registered !/O 
* State registers shared with output registers 


** Under development 


NOTES: 


32 (24) 72 16 C and 8 1/0 20ns 250mA 
32 (24) 64 16 C or R and 15/30ns | 250mA 
8 C or R 1/0 


1. Tpp = Tis + Toxo for registered devices 
2. For worst case specifications refer to data sheets for individual product. 


November 1986 


1-10 


Signetics 


Application Specific Products 


Signetics Programmable Logic Devices 
may be ordered by contacting either the 
local Signetics sales office, Signetics 
representatives or authorized distribu- 
tors. A complete listing is located in the 
back of this manual. 


Ordering 
Information 


Table 1 provides part number definition 
for Signetics PLD's. The Signetics part 
number system allows complete order- 
ing information to be specified in the part 
number. The part number and product 


Table 1. New Signetics PLD Part Numbering System 
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PL - 


(XX) - 


(YYYY) - 


(2) - 


(P) - 


description is located on each data 
sheet. 


Military versions of these commercial 
products may be ordered. Please refer 
to the military products data manual for 
complete ordering information. 


Indicator for Signetics 
Programmable Logic 


Process Indicator 

S — Bipolar Junction !solated 
Schottky — Nichrome fuses 

M — Mask Programmable 

C —- CMOS— EPROM cells 

HS — High Speed Bipolar 
Oxide Isolated - Vertical Fuse 

US - High Speed Bipolar Oxide 
Isolated ~- Lateral Fuse 


Basic Part Number 

(3 or 4 characters) 

(e.g. 100, 105, 153, 168, 173, 18P8, 
151) 


Performance Indicator 
(may be blank, A, B, C etc. to designate 
speed variations in basic part.) 


Package Designator 
F — 20-, 24-, 28-pin CERDIP DIP 
N - 20-, 24-, 28-pin Plastic DIP 


A — 20-, 28-lead Plastic Leaded 


Chip Carrier 


FA — 24-, 28-pin CERDIP DIP With 


Quartz Window 


| 
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Signetics has changed its part number- 
ing system for Programmable Logic 
Products. The change is simple and 
Straightforward. Simply repiace the old 
temperature code and ''82"' Bipolar 
Memory. designator with "PL." This 
change in part numbering has been 
done to create a unique, identifiable 
image for Signetics Programmable Logic 


PART NUMBERING EXAMPLES 
- OLD PART NUMBER 
N82S100N 


PLS100N 


| N82S105AA PLS105AA 


N/A PLC473FA 


PLMC153F 


_ This change affects commercial product only. 
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NEW PART NUMBER 


PLHS18P8AA 


Note To Users Of 82SXXX 
Part Numbering System 


Products. As we continue to introduce 
PLD's with new features, processes, and 
fusing technology, the new system will 
allow us to better describe these prod- 
ucts through the product part number. In 
addition, more critical information can be 
placed on the device itself even when 
plastic leaded chip carriers are used. 
The new part number system does not 


28-Lead Dual-In-Line Package. 


CMOS - UV Erasable Fuses - 


CMOS - Mask Programmable — 


DESCRIPTION 


Signetics Programmable Logic Field Programmable Logic Array (FPLA) 
Bipolar Schottky Process — Nichrome Fuses — 


Signetics Programmable Logic Field Programmable Logic Sequencer (FPLS) 
Bipolar Schottky Process-— Nichrome Fuses-— High Speed Option — 
28-Lead Plastic Leaded Chip Carrier. 


Signetics Programmable Logic Field Programmable Logic Array (FPLA) 


24-Lead Cerdip Dual-In-Line Package with quartz window. 


Signetics Programmable Logic Programmable Logic Array 


20-Lead Cerdip Dual-In-Line Package. 


Signetics Programmable Logic Field Programmable Array 
Oxide Isolated, Bipolar-Vertical Fuses - High Speed Option — 
20-Pin Plastic Leaded Chip Carrier. 


indicate any change in process or tech- 


nology has occurred. The only thing 
changing is the nomenclature. 


We sincerely hope this necessary 
change causes no inconveniences to 
our many customers. Thank you for your 
loyalty. 


Signetics section 2 
Introduction 


Application Specific Products 


INDEX 
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What is Signetics’ Programmable LOGIC ............cceccseeeecee eee eneeeteseeneeseuees 2-3 
Programming INfOrMattON «sass ciccsvccsedeccenivectesscnscdsactanadacespeeecadaeas save cua ies 2-48 
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WHAT IS PROGRAMMABLE 
LOGIC 

In 1975, Signetics Corporation devel- 
oped a new product family by combining 
its expertise in semi-custom gate array 
products and fuse-link Programmable 
Read Only Memories (PROMs). Out of 
this marriage came Signetics Program- 
mable Logic Family. The PLS100 Field- 
Programmable Logic Array (FPLA) was 
the first member of this family. The FPLA 
was an important industry first in two 
ways. First, the AND/OR/INVERT archi- 
tecture allowed the custom implementa- 
tions of Sum of Product logic equations. 
Second, the three-level fusing allows 
complete flexibility in the use of this 
device family. All logic interconnections 
from input to output are programmable. 
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Signetics Programmable Logic 


Development of this family did not stop 
with the PLS100. In 1977, the PLS103 
Field-Programmable Gate Array (FPGA) 
and the PLS107 Field-Programmable 
ROM Patch (FPRP) were introduced. 


The PLS105 Field-Programmable Logic 
Sequencer (FPLS) was announced in 
1979. This device represents a signifi- 
cant step forward for PLD. The FPLS is a 


fully-implemented Mealy State Machine 


on a chip. Incorporated into its architec- 
ture are 48 P-terms, an 8-bit Output 
Register, and a 6-bit internal State Reg- 
ister. Reference Figure 1. 


The FPLS can synchronously perform 
sequential routines at 20MHz. All of 
these products are now known as the 
Signetics PLD Series 28 Programmable 
Logic Family. 


V, “COMPLEMENT” 


48 AND GATES 


NOTE: 


1, P, C, N, F and P/E are user-programmable connections. 
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Figure 1. FPLS 
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Signetics' next innovation in this area 
was the Series 20 Programmable Logic 
Family. All members of this family are 
assembled in 20-pin packages. While 
reducing the number of pins in this 
family, Signetics has utilized controlled 
I/O in order to maintain the utility of the 
Series 20. Appropriate control terms 
have been included to allow active con- 
trol of pin direction. Reference Figure 2. 


The latest addition to the Signetics Pro- 
grammable Logic families is the Series 
24 devices. The PLS161 FPLA and the 
PLS167 FPLS are 24-pin devices com- 
parable to the 28-pin PLS100 and 
PLS105 respectively. These devices 
have been followed by the PLS162/ 
PLS163 Field-Programmable Address 
Decoder and the PLS168 FPLS. 
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Table 1. PLD Product Family 


| | 20-PIN, SERIES 20 
PART NUMBER TYPE CONFIGURATION 


PLS151 18-input/12-Output 

PLS153/153A/PLHS153 18-Input/10-Output - 42-Term 

PLS155-159 16-Input/12-Output - 45-Term 
PLS155 4 Registered Outputs 
PLS157 6 Registered Outputs 
PLS159 8 Registered Outputs 


PLHS18P8A 18-Input/10-Output - 72-Term 


24-PIN, SERIES 24 


12-Input/8-Output — 48-Term 
16-Input/5-Output 
12-Input/9-Output 
14-Input/6-Output —- 48-Term 

8-Bit State Registers 

6-Output Registers 
12-Input/8-Output -- 48-Term 

10-Bit State Registers 

8-Output Registers 
22-Input/10-Output - 42-Term 
16-Input/12-Output - 42-Term 

8-Bit State and Output Registers 
20-Inputs/11-Output - 24-Term 


SERIES 28 


16-Inputs/8-Output — 48-Term 
16-Inputs/9-Output 
16-Inputs/8-Output — 48-Term 
6-Bit State Register 
8-Output Registers 
16-Inputs/8-Outputs — 64-Terms 
8-Bit State and Output Registers 


PLS161 
PLS162 
PLS163 
PLS167 


PLS168 


PLS173/PLUS173 
PLS179 


PLHS473/PLC473 


28-PIN, 


PLS100/101 
PLS103 
PLS105/105A/PLC105 


PLUS405 


2 
? 
& 


& 
i 
( H 
C | 

F- | 
[hs 


Cd 
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AND-OR-INVERT 


DUAL — 2 OUTPUTS 


L002410S 


7450 2 X 2 X 2 Fixed Interconnections Dual, 2-Wide, 2-input, AND/OR/INVERT 


OCTAL 
8-OUTPUTS 


LD02420S 


PLS100 16 X 48 X 8 Octal, 48-Wide, 16-input, AND/OR/INVERT 


Tabie 2. Gate Replacement (Ali Terms Used) 


Each P-Term = 2 8-Input AND Gates & 1 2-Input AND Gate = 144 


OR Matrix = 16 4-Input OR Gates = 128 
272 


Table 3. Typical Application 


4 Variables/P-Term 
4 P-Terms/Output 


40 Gates 
15-20 I.C.s 
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PRODUCT DESCRIPTION 

While all PLD devices are architecturally simi- 
lar, the Field-Programmable Logic Array is 
most representative of the concepts involved. 
The FPLA is an AND/OR/INVERT device, 
with all internal interconnections programma- 
ble via fuse links. If we compare the PLS100 
FPLS to the familiar 7450 AOI gate, the 
similarity of function becomes apparent. 


Package-Gate Replacement 


Potential 

All Signetics PLD devices are capable of 
replacing multiple discrete logic devices. The 
number of packages is dependent on the 
application and the device used. 


If all product terms and inputs on the PLS100 
are utilized, a total of 272 gates and 140 I.C.s 
can theoretically be replaced. (See Table 2.) 
Since the PLS100 is made up of logic struc- 
tures which are not available as commercial 
logic devices, such as 32 input AND gates 
and 48 input OR gates, these numbers are 
based on breakdowns of these high complex- 
ity logic structures into structures which are 
available as discrete logic. 


The typical application does not fully utilize 
the FPLA, however. We can assume that the 
typical application is as defined in Table 3. 


The replacement of 15-20 I.C.s with one 
PLS100 is not unusual. 
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PLD ECONOMICS 

The reason any product line exists is because 
it solves a problem in a cost-effective man- 
ner. 


PLD is no different in this respect. Let's 
assume that one PLS100 is replacing only 10 
TTL logic packages. 


if we assume that the average selling price of 
an SSI level device is $0.25, then we have a 
basis for comparison. 

10 1.C.s @ 0.35 = $3.50 

1 PLS100 FPLA = $7.00 


Considering piece-part cost alone does not 
fare well for the PLS100 FPLA. But, part cost 
is one of the smaller costs in systems manu- 
facturing. Let's next consider PC board costs. 


PC BOARD 

The purchase price of a PCB is calculated 
on a per square inch basis. Typical costs 
at the 5K level are $0.23/in?, the cost for 
LS is 1.2in? = $0.23/in? = $0.28. For a 
28-pin FPLA device, the packing density is 


Table 4. Cost Analysis 


IC COMPONENTS 


PCB MANUFACTURING 
Incoming Inspection 
Component Inventory/Usage 
PC Board 

Fabrication 
Test 
Rework 


ASSEMBLY LABOR 


COST PER COMPONENT 
NUMBER OF COMPONENTS 
TOTAL 


CONCLUSION: 


1-PLS100 per 2.5in*, giving a cost of 
2.5in? X $0.23/in? = $0.58. 


PCB FABRICATION 

Now let's consider the cost of building the 
board. The primary cost for PCB fabrication is 
parts preparation and stuffing. 


Estimates by PCB manufacturers indicate a 
nominal cost of $0.14 per device for LS TTL 
and $0.16 for 28-pin FPLA. There is also a 
basic cost of $0.02 per in? for handling, 
soldering, and inspecting. 


The cost of incoming inspection and invento- 
ry/usage must also be considered in any fair 
comparison. 


INCOMING INSPECTION 

The cost of incoming inspection can be 
calculated on a per-pin basis. Assuming an 
equal mix of 14- and 16-pin SSI parts and a 
testing cost of $0.01 per pin, the LS TTL cost 
is $0.15 per |.C. The corresponding cost for 


15.00 


THE FPLA is a 37% savings over the LS TTL DESIGN. 
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the PLS100 would be $0.01 X 28 or $0.28 
total. 


COMPONENT INVENTORY/ 


USAGE 

The inventory cost for LS TTL parts is domi- 
nated by inventory maintenance, while the 
LS! type parts, the piece price dominates. 
Assuming a 2% usage rate due to parts 
breakage, burnout, etc., in the manufacturing 
process, the parts cost for LS TTL is 
2% X $0.25 = $0.005. Adding $0.02 per de- 
vice for inventory maintenance, the total LS 
cost $0.03. For FPLA, 2% = $7.00+ 
$0.02 = $0.16. 


Consideration must also be given to testing 
the completed PCB and Rework costs. 


PCB TESTING 

Testing costs are generally figured on a PCB 
basis and are usually go-no-go tests using a 
"bed of nails'’. For this comparison, assume 
a PCB of 5"' X 7". The cost for testing the 
completed PCB is estimated to be $3.60 for 
20 1.C.s. This breaks down as $0.18 per LS 
TTL device or about $0.45 per FPLA device. 


PCB REWORK 

The main causes of rework are poorly plated 
holes, solder bridges, and parts inserted in- 
correctly. The ''bed of nails'' test can usually 
detect all of the faults. Rework costs about 
50% of test costs. The result is $1.80 per 
PCB, or $0.09 per device for LS TTL and 
$0.18 for the 28-pin FPLA. 


System manufacturing costs are harder to 
define. For this comparison we estimated 
$0.28 for each LS device and about $0.65 for 
the FPLA. These costs include backplane 
wiring, final system assembly and test costs. 


Now using these figures, the comparison in 
Table 4 can be made. 
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PLD LOGIC SYNTHESIS ean Logic Equations with PLD. Each term in Xo = AB + CD + BD 
each equation simply becomes a direct entry 
into the Logic Program Table. The following 
example illustrates this straightforward con- 
cept: 


28-PIN X,; = AB +CD+EFG 


PLD is capable of Logic Synthesis. No inter- 
mediate step is required to implement Bool- 


prerentenetiesire 


INPUT(Im) 
P-Terms 
Po = AB 
Py = CD 
Po = BD 
P3 = AB 
Pa = EFG 


tf 


Xo = Po + Py + Pa 
X1 = P3 + Py + Pa | 


TB01910S 


Xy 


Xp = AB+CD+BD X;=AB+CD+EFG 


omram OO WD > 


L002471S 


Figure 4. Equivalent Fixed Logic Diagram 
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In the previous example, the two Boolean 
Logic equations were broken into Product 
terms. Each P-term was then programmed 
into the P-term section of the PLS100 FPLA 


| VARIABLE 


Step 2 

Transfer the Boolean Terms to the FPLA 
Program Tabie. This is done simply by defin- 
ing each term and entering it on the Program 
Table. 


e.g., Po = AB 
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Program Table. This was accomplished in the 
following manner: 


Step 1 
Select which input pins Io — 145 will corre- 
spond to the Input variables. In this case 


: INPUT (lin) 


Figure 5 
This P-term transiates to the Program Table 
by selecting A=|lg=H and B=I5 =H and 
entering the information in the appropriate 
column. 


Py =CD 


“INPUT lm) 


Figure 6 
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A-G are the input variable names. Ig through 
Io were selected to accept inputs A-G re- 
spectively. 


This term is defined by selecting C=1,=L 
and D = lz = H, and entering the data into the 
Program Table. Continue this operation until 
all P-terms are entered into the Program 
Table. 
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Introduct 


IC 


Programmable Logi 


ics 


t 


Signe 


In 


each output function. In this case Fo = Pin 
Xo, and Fy =Pin 17 = Xj. 


Select which output pins correspond to 


Step 3 
18 = 


> 
= 
« 
< 
al 
i?) 
a 


INPUT(Im) 


OUTPUT Fp 


T801882S 


be expressed as X; by placing an (L) in the 


level is high for a positive logic expression of 


Step 4 


this equation. Therefore, it is only necessary Active Level box above Output Function 1, 


to place an (H) in the Active Level box above 
Output Function 0, (Fo). Conversely, X; can 


Select the Output Active Level desired for 


(F;). 


each Output Function. For Xp the active 


s 
;x 
< 
3 
9 
a 


INPUT (len) 


OR 


OUTPUT Fp 


TBO01870S 
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Step 5 

Select the P-Terms you wish to make 
active for each Output Function. In this 
case Xp = Pp + P; + Po, so an A has been 
placed in the intersection box for Po and Xo, 
P, and Xo and Po and Xp. 


Xo = Po + Pi + P2 [a 
X1 = Pg + Pa + Pa 


VARIABLE 
NAME 
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Terms which are not active for a given output 
are made inactive by placing a (@) in the box 
under that P-term. Leave ail unused P-terms 
unprogrammed. 


Continue this operation until all outputs have 
been defined in the Program Table. 


INPUT (Im) 
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Step 6 

Enter the data into a Signetics approved 
programmer. The input format is identical to 
the Signetics Program Table. You specify the 
P-terms, Output Active Level, and which P- 
terms are active for each output exactly the 
way it appears on the Program Table. 
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PLD LOGIC SYNTHESIS 
20-PIN 


When fewer inputs and outputs are required 
in a logic design and low cost is most 
important, the Signetics 20-pin PLD should be 


considered first choice. The PLS153 is an 
FPLA with 8 inputs, 10 I/O pins, and 42 
product terms. The user can configure the 
device by defining the direction of the !/O 
pins. This is easily accomplished by using the 
direction control terms Do -Dg to establish 


= TRI-STATE 
BUFFER 


Figure 10. PLS153 Functional Diagram 


+. TRI-STATE 
= BUFFER ACTIVE 


a. Dg Active Makes By Appear As An Output 


With Feedback 
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L.002450S 


Figure 11 


a mK < 
aan 
GATES 


TRI-STATE 
BUFFER 


the direction of pins Bp -Bg. The D-terms 
control the Tri-state buffers found on the 
outputs of the EX-OR gates. Figures 10 and 
11 show how the D-term configures each By 
pin. 


Bo 


AF02200S 


+1. TRISTATE 
= BUFFER INACTIVE 
(OPEN) 


b. Dg Inactive Makes Bg Appear As An Input 


In| 
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To control each D-term, it is necessary to 
understand that each control gate is a 36- 
input AND gate. To make the Tri-state buffer 
active (B, pin an output), the output of the 
control gate must be at logic HIGH (1). This 
can be accomplished in one of two ways. A 


t= HIGH (1) 


HIGH can be forced on all control gate input 
nodes, or fuses can be programmed. When a 
fuse is programmed, that control gate input 
node is internally pulled up to HIGH (1). See 
Figure 12 and Figure 13. 


CONTROL GATE 


TO AND 
ARRAY 


OR- 
By = OUTPUT 
TRISTATE ARRAY 
BUFFER 


Programming the fuse permanently places a 
HIGH (1) on the input to the control gate. The 
input pin no longer has any effect on that 
state. 


CONTROL GATE 


TO AND 
ARRAY 


By = INPUT 


TRISTATE 


BUFFER 
Tc02360S 


Figure 12. Input Effect On Control Gates (Fuse Intact) 


t= HIGH (1) 


CONTROL GATE — 


TO AND 
ARRAY 


By = OUTPUT 


TRISTATE 
BUFFER 


TC02370S 


Figure 13. Effect On Control Gate If Fuse Is Programmed 
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DEDICATING By PIN 
DIRECTION 


Since each input to the D-terms is true and 
complement buffered (see Figure 11), when 
the device is shipped with all fuses intact, all 
control gates have half of the 36 input lines at 
logic low (0). The result of this is all Control 
Gate outputs are low (0) and the Tri-state 
buffers are inactive. This results in all B, pins 
being in the input condition. The resultant 


r | 
HGH T HT] pox 
iow 11 J 


PROGRAM TABLE ENTRIES © 


VARIABLE 
can Sree eee 
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Figure 14. Dedicating Bp And B, As Outputs And Bz Through Bg As inputs 


device is, therefore, an 18-input, O-output 
FPLA. While useful as a bit bucket or Write- 
Only-Memory (WOM), most applications re- 
quire at least one output. Clearly, the first task 
is to determine which of the B, pins are to be 
outputs. The next step is to condition the 
control gate to make the Tri-state buffer for 
those gates active. To dedicate By and By, as 
outputs, it is necessary to program ail fuses to 
the inputs to Control Gates Do and Dj. This 
internally pulls all inputs to those gates to 
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HIGH (1) permanently. Since all inputs to the 
Control Gates are HIGH (1), the output is 
HIGH (1) and the Tri-state buffers for Bo and 
B, are active. This permanently enables Bo 
and B, as outputs. Note that even though Bo 
and B, are outputs, the output data is avail- 
able to the AND array via the internal feed- 
back (see Figure 11a). 


To program this data, the PLS153 Program 
Table is used as shown in Figure 14. 


NOTES: 
1. The FPLA is shipped with all links intact. Thus a 
background of entries corresponding to states of 
virgin tinks exists in the table, shown BLANK for 
Clari ’ 


ty. 
2. Unused | and B bits in the AND array are normally 


programmed Don't Care (—). 
3. Unused product terms can be left blank. 


TBO01630S 
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By placing a (—) Don't Care in each input 
box you are specifying that the True and 
Complement fuses are programmed on each 
Control Gate, thus permanently dedicating 
the Bo and B, pins as outputs. By placing a 
(0) in all input boxes for Bo-—Bg, you are 
specifying that both True and Compiement 
fuses are intact. This causes a low (0) to be 
forced on half of the Control Gate inputs, 
guaranteeing the output of the Control Gate 
will be low (0). When the Contro! Gate out- 
puts are low (0), the Tri-state buffer is inactive 


—CONTROL _ 


PROGRAM TABLE ENTRIES: 


07 


VARIABLE 
NAME | 


and the Bo-Bg pins are enabled as inputs. 
All B, pin directions can be controlled in this 
manner. 


ACTIVE DIRECTION CONTROL 

Sometimes it is necessary to be able to 
actively change the direction of the B, pins 
without permanently dedicating them. Some 
applications which require this include Tri- 
state bus enable, multi-function decoding, 
etc. This can easily be done by programming 
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the Control Gate to respond to one or more 
input pins. It is only necessary to select which 
x and B, pins will control the pin directions 
and the active level HIGH (H) or LOW (L) that 
will be used. The PLS153 Program Table in 
Figure 15 shows the method of controlling 
Bo —- Bg with l7. When l7 is LOW (L), pins 
Bo — Bg are outputs when I7 is HIGH (H), pins 
Bo — Bg are inputs. Note that by programming 
all other |, and B, pins as DON'T CARE (—), 
they are permanently disconnected from con- 
trol of B, pin direction. 


POLARITY 


“a 


NOTES: 
. The FPLA is shipped with all links intact. Thus a 
background of entries corresponding to states of 
virgin links exists in the table, shown BLANK for 
Clarity. 

Unused | and B bits in the AND array are normally 
programmed Don't Care (—). 

Unused product terms can be left blank. 


_ 


ed 


© 


TB01840S 


Figure 15. Active Control of Bo-Byg Using I7 Active Low (L) 
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The previous 28-pin logic synthesis example 
(Page 2-5) could be done on the PLS153 as 
follows: 


Xp = AB + GD + BD 
X, = AB + CD + EFG 


Note that Bp was used as a CHANGE input. 
When Bog is HIGH (H) the outputs appear on 
Bg and Bg. When Bo is LOW (L), the outputs 
appear on Bg and Bz. B; through Bs are not 
used and therefore left unprogrammed. 


— CONTROL” 


[HIGH | H 
tow it} 


PROGRAM TABLE ENTRIES 
ee 
1,8(1) L 
| 
{ 
{ 


| 
Ww 
« 
< 
o 
r 
z 
3 


VARIABLE 
NAME 
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THE ROLE OF AMAZE 
(AUTOMATIC MAP AND ZAP 
ENTRY) IN LOGIC 


DEVELOPMENT 

AMAZE is a software development package 
which provides the logic designer with a multi- 
mode data input capability. This software 
package, which has been developed for both 
mainframe and microcomputer environments, 
allows data entry in the program table format 
previously described, or on one of two equa- 
tion formats. Both Boolean Logic Equations 
and State Variable Equations are supported 
on AMAZE. In addition to the flexible input 
formats offered, AMAZE also provides full 
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device documentation, and a functional simu- 
lator. The simulator features manual and 
automatic modes. In the automatic mode, the 
software generates a set of input vectors 
which can be used as functional test vectors. 
The manual mode is an interactive procedure 
which allows the designer to input vectors to 
the simulator. The AMAZE simulator then 
responds with the appropriate output vector. 
In both modes, the simulator uses the func- 
tional model generated by the user's input 
data. 


For more information on AMAZE refer to 
Section 8 of the 1987 Signetics Programma- 
ble Logic Data Manual. 


POLARITY 


Figure 16. PLS153 Example 
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SEQUENTIAL LOGIC 


CONSIDERATIONS 
The PLS105 and PLS155 — PLS159 represent 
significant increases in complexity when com- 
pared to the combinatorial logic devices pre- 


aeremenyl 
STATE : 
REGISTER =| 


COMBIN. 


AF02180S 
Figure 18. Typical State Diagram. 
14.3 Are Jump Conditions Which 
Must Be Satisfied Before Any 
Transitions Take Place. F, Are 
Changes In Output Triggered By I,,, 
And Stored in The Output Register. 
State Transitions a—> b and cd 
Involve No Output Change. 
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viously discussed. By combining the AND/OR 
combinatorial logic with clocked output flip- 
flops and appropriate feedback, Signetics has 
created the first family of totally flexible se- 
quential logic machines. 


CG) = INPUT 


©) = PRESENT STATE 


@) = NEXT STATE 
©) = NEXT OUTPUT 


4 REGISTER 


ppc 
OUTPUT 


PR 
BD01880S 


Figure 17. Basic Architecture Of PLS105 FPLS. I, P, N, And F Are Multi-line 
- Paths Denoting Groups Of Binary Variables Programmed By The User. 


AF02180S 
Figure 19. Typical State Transition 
Between Any Two States Of 
Figure 18. The Arrow Connecting 
The Two States Gives Rise To A 
Transition Term Typ. | Is The Jump 
Condition. 
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The PLS105 FPLS (Field-Programmable Log- 
ic Sequencer) is an example of a high-order 
machine whose applications are manifold. 
Application areas for this device include high- 
speed data controllers, microprocessor and 
minicomputer bus arbitration, industrial con- 
trols, timing generation, multi-function count- 
ers and shift registers, and microprocessor- 
driven microcontrollers. The PLS105 is fully 
capable of performing fast sequential opera- 
tions in relatively low-speed processor sys- 
tems. By placing repetitive sequential opera- 
tions on the PLS105, processor overhead is 
reduced. Each PLS105 can be viewed as a 
high-speed, 48-state subroutine. 


The following pages summarize the PLS105 
architecture and features. 


FPLS Architecture 

The PLS105 Logic Sequencer is a program- 
mable state machine of the Mealy type, in 
which the output is a function of the present 
state and the present input. 


With the FPLS a user can program any logic 
sequence expressed as a series of jumps 
between stable states, triggered by a valid 
input condition (I) at clock time (t). All stable 
states are arbitrarily assigned and stored in 
the State Register. The logic output of the 
machine is also programmable, and is stored 
in the Output Register. 


Clocked Sequence 

A synchronous logic sequence can be repre- 
sented as a group of circles interconnected 
with arrows. The circles represent stable 
states, labeled with an arbitrary numerical 
code (binary, hex, etc.) corresponding to 
discrete states of a suitable register. The 
arrows represent state transitions, labeled 
with symbols denoting the jump condition and 
the required change in output. The number of 
states in the sequence depends on the length 
and complexity of the desired algorithm. 
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State Jumps 

The state from which a jump originates is 
referred to as the Present state (P), and the 
state to which a jump terminates is defined as 
the Next state (N). A state jump always 
causes a change in state, but may or may not 
cause a change in machine output (F). 


State jumps can occur only via "transition 
terms'' T,. These are logical AND functions 
of the clock (t), the Present state (P), and a 
valid input (I). Since the clock is actually 
applied to the State Register, T,, = leP. When 
Ty is "'true'', a control signal is generated and 
used at clock time (t) to force the contents of 
the State Register from (P) to (N), and to 
change the contents of the Output Register (if 
necessary). The simple state jump in Figure 
20, involving 2 inputs, 1 state bit, and 1 output 
bit, illustrates the equivalence of discrete and 
programmable logic implementations. 


FPLS Logic Structure 

The FPLS consists of programmable AND 
and OR gate arrays which contro! the Set and 
Reset inputs of a State Register, as well as 
monitor its output via an internal feedback 
path. The arrays also control an independent 


Figure 20. Typical State Jump From State (0) To State (1), 
If inputs A= B=''1"'. The Jump Also Forces F=''1"', As Required. 


hy i aes Sane Output Register, added to store output com- 
7 a eee mands generated during state transitions, 

hs 2 eae and to hold the output constant during state 
22] SE Is sequences involving no output changes. If 
i eee desired, any number of bits of the Output 
CE Register can be used to extend the width of 
pf the State Register, via external feedback. 
| 


Fo 


47 46 0 
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Figure 21. Simplified Logic Diagram Of PLS105 FPLS 
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LINK 
PAIR 


D02370S 


Figure 22. Typical AND Gate Coupled To (I) And (P) Inputs. 
If At Least One Link Pair Remains Intact, T, Is Unconditionally Forced Low. 


aie e 
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Figure 23. Choice Of Input Polarity Coupling To A Typical 
AND Gate. With Both Links Open, (i) Is Logically Don't Care. 


Ip Ig Pe 1p ly 


Figure 24. Typical Transition Terms 
Involving Arbitrary inputs And State 
Variables. All Remaining Gate Inputs 
Are Programmed Don't Care. Note 
That Tz Output Is State independent. 
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Input Buffers 

16 external inputs (l,,) and 6 internal inputs 
(Ps), fed back from the State Register, are 
combined in the AND array through two sets 
of True/Complement (T/C) buffers. There are 
a total of 22 T/C buffers, all connected to 
multi-inpbut AND gates via fusible links which 
are initially intact. 


Selective fusing of these links allows coupling 
either True, Complement, or Don't Care val- 
ues of (Im) and (Ps). 


"AND" Array 

State jumps and output changes are triggered 
at clock time by valid transition terms Tp. 
These are logical AND functions of the pres- 
ent state (P) and the present input (I). 


The FPLS AND Array contains a total of 48 
AND gates. Each gate has 45 inputs — 44 
connected to 22 T/C input buffers, and 1 
dedicated to the Complement Array. The 
outputs of all AND gates are propagated 
through the OR Array, and used at clock time 
(t) to force the contents of the State Register 
from (P) to (N). They are also used to control 
the Output Register, so that the FPLS 8-bit 
output F, is a function of the inputs and 
present state. 
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OUTPUT 
REGISTER 


REGISTER 
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Figure 25. Typical OR Array Gating Of Transition Terms T;,23 Controlling Ar- 
bitrary State And Output Register Stages. 


COMPLEMENT 
ARRAY LOGIC 
PATH 
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Figure 26. The COMPLEMENT Array Is Logically Constructed From A 48-input 
Programmable OR Gate Followed By An Inverter. All AND Terms Coupled To 
The OR Gate Are Complemented At The Inverter Output, And Can Be Fed 
Back As Inputs To The AND Array. 
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"OR" Array 

In general, a clocked sequence will consist of 
several stable states and transitions, as de- 
termined by the complexity of the desired 
algorithm. All state and output changes in the 
state diagram imply changes in the contents 
of State and Output Registers. 


Thus, each flip-flop in both registers may 
need to be conditionally set or reset several 
times with T, commands. This is accom- 
plished by selectively ORing through a pro- 
grammable OR Array all AND gate outputs T, 
necessary to activate the proper flip-flop 
control inputs. 


The FPLS OR Array consists of 14 pairs of 
OR gates, controlling the S/R inputs of 14 
State and Output Register stages, and a 
single OR gate for the Complement Array. All 
gates have 48 inputs for connecting to all 48 
AND gates. 


Complement Array 
The COMPLEMENT Array provides an asyn- 
chronous feedback path from the OR Array 
back to the AND Array. 


This structure enables the FPLS to perform 
both direct and complement sequential state 
jumps with a minimum of transition (AND) 
terms. 


Typically direct jumps, such as T; and To in 
Figure 27 require only a single AND gate 
each. 


But a complement jump such as Tg generally 
requires many AND gates if implemented as a 
direct jump. However, by using the Comple- 
ment Array, the logic requirements for this 
type of jump can be handled with just one 
more gate from the AND Array. 
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ee | 
TRANSITION TERMS COMPLEMENT ARRAY 
AF02160S AF02170S 

ae T3 = Po(PoX + PoY) 

1 Fo T3 = PolPo(X + Y)] 
DIRECT ea T3 = Po[Po + (XK F Y)] 
ak Ts =0 + Po(X + Y) 
T3 = Po(X » Y) 
COMPLEMENT { Tg = Po(Xe ¥) = Po(T; + T2) 
a. Typical State Sequence b. Complement Jump 


Figure 27. a. X And Y Specify The Conditional Logic For Direct Jump Transi- 
tion Terms T; And To. The Complement Jump Term Ts Is True Only When 
Both T; and T2 Are False. b. Note That The Complementary Logic Expres- 
sion For T3, T; + 12, Corresponds Exactly To The Logic Structure Of The 

Complement Array. 
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As indicated in Figure 28, the single Compie- 
ment Array gate may be used for many states 
of the state diagram. This happens because 
all transition terms linked to the OR gate 
include the present state as a part of their 
conditional logic. In any particular state, only 
those transition terms which are a function of 
that state are enabled; ali other terms cou- 
pled to different states are disabled and do 
not influence the output of the Complement 
Array. As a general rule of thumb, the Com- 
plement Array can be used as many times as 
there are states. 
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Tai = lol Po 
Ta2 = laPo 


Tos = (Ta1 + Taz)Po = (lols + I2)Po 


Tas = 12Pg 
Tas = loliPs 


Tos = (Tag + Tae)Ps = (loly + 12)P3 


Ten = COMPLEMENT STATE TRANSITION TERM 
Tan = DIRECT STATE TRANSITION TERM 
P, = PRESENT STATE 


AF02150S 


a. State Diagram b. Logic Definition 


COMPLEMENT 
ARRAY COMPLEMENT 


ARRAY 


iin 


Tat Ta2 To3 Taa Tae Tes Tai Taz Tc3 Taq Toe Tes 
8 TRANSITION TERMS USED , 6 TRANSITION TERMS USED 
LD02320S LD02310S 
c. State Logic Without Using The Complement Array d. State Logic Using The Complement Array 


Figure 28. Logic Reduction With The Compiement Array. The Logic State Diagram in (a) Includes Compiement Jumps Tc3 And 
Tes Defined In (b). When Using The Complement Array, A Savings Of 2 Transition Terms Results, As Shown In (c) And (qd). 
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PLS155 


PLS157 
PLS159 


PLD-20 SEQUENTIAL DEVICES 

The 20-pin PLD family also includes sequen- 
tial devices. These devices are ail similar in 
architecture. The major difference consists of 
the number of outputs which are registered. 


FEATURES 

The PLD-20 sequencers have been designed 

with a maximum of flexibility in mind. Each 

element of the architecture contributes to the 

ease of use the PLD-20 family provides. Each 

part has the features listed: 

@ J/K flip-flop Output Register 

® Dynamic control of flip-flop type (J/K 
or D) 


(LOGIC TERMS) 
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Table 5. 20-Pin PLD Sequential Family Summary 
| REGISTERED OUTPUTS 


4-Bit Register 
6-Bit Register 
8-Bit Register 


OUTPUT TYPE 


® Parallel bus load 


® Asynchronous preset and reset 
capability 


@ Combinational |/O pins 
@ Programmable enable pins 


©® Output feedback to AND Array 
available 


OUTPUT REGISTER 

The Output Register of the PLD-20 sequential 
devices are comprised of fully implemented 
J/K flip-flops. Each flip-flop is positive edge- 
triggered from a common clock. 


(CONTROL TERMS) 


Figure 29 
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In addition, a dynamically controllable ''fold- 
back'' buffer between the J and K inputs to 
the flip-flop allows the designer to change the 
function of the flip-flop from J/K to D-type 
under the control of the flip-flop control term 
(F). A fuse allows the designer to dedicate the 
flip-flop as a permanent D-type by program- 
ming the fuse. 


By leaving the fuse intact, the flip-flop control 
line (F) is maintained as the active mode 
control. If the output of F is logic Low (0), then 
the flip-flop is configured as a D-type. If the 
output of F is a logic High (1), then the flip- 
flop is configured as a J/K type. Term F is 
programmed in the same manner as the 32 
logic transition terms (T). It is well to note at 
this time that when the flip-flop is configured 
as a D-type, the OR-term driving the K input 
of the flip-flop must not be active. 


During all modes of operation, the output 
register data is fed back to the AND Array. 
This feedback is used to establish present- 
state to next-state jumps. 


LD02440S 
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PARALLEL BUS LOADING forces the data contained on the Fo pin into can be used to preload a state into the 
The Output Register may be loaded from the the J/K flip-flop. It operates synchronously machine, or io latch input data into the AND 


bus via the load control term (L). This feature With the rising edge of the clock. This feature = Array. 
L (LOGIC TERMS) (CONTROL TERMS) 
| | 
5 
*L 


A KA 
ee 
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Figure 30 
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PRESET AND RESET devices. This feature is controlled inthe AND- and reset controls are split between the two 
Asynchronous preset and reset capability has Array on the PLS159. However, the preset arrays. See the individual data sheets for 
been provided on the PLD-20 sequential and reset function on the PLS155 is con- details. 

trolled via the OR Array. The PLS157 preset 


(LOGIC TERMS) (CONTROL TERMS) 


Figure 31 
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COMBINATIONAL I/O PINS programmed and used exactly as the B pins 
Each PLD-20 sequential device has a number on the PLS1 53 FPLA. The direction control 
of combinational pins (B,) which can be term (D) establishes the data flow on these 


(LOGIC TERMS) (CONTROL TERMS) 


Figure 32 
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pins. The individual data sheet should be 
consulted for the quantity and pin number 
assignment for each device. 
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PLA vs. PAL® ARRAYS 

The PLA architecture provides the most effi- 
cient means of implementing logic. The 28- 
pin devices, PLS100/101 and PLS103 are 
unique in their ability to directly implement 
logic. 


a2 
UNUSED! 

B 
UNUSED! 


c 


A2 


‘UNUSED! 


NOTES: 
1. Unused P-terms lost to designer. 


They offer the most useable P-terms, the 
highest number of inputs and outputs, and the 
most straightforward programming of any log- 
ic device in the industry. The following dia- 
grams illustrate the relative ease of program- 
ming the flexible PLA structure against the 
fixed OR Array of the PAL. 


EXTERNAL 
INVERTER 


2. Common P-term to 2 or more outputs requires 2 or more P-terms; one on each output. 
3. External inverter required to change active level of output. 


4. 10 P-terms used. 


The Signetics approach to programmable 
logic gives the designer the flexibility he 
needs where he needs it—in the device 
itself. The combination of totally flexible archi- 
tecture, more useable product terms, and 
ease of logic implementation make Signetics 
Programmable Logic Family the obvious 
choice. 


0, =A+B+C 


Os=A+D+E+F 


Og=A+D+E+F 


1002431S 


Figure 33. Application Example PAL Approach 


NOTES; 
1. All P-terms usabie. 
2. Common P-terms available to all outputs. 


3. Programmable outputs eliminate need for external component. 


4. 6 P-terms. used. 


*PAL is a registered trademark of Monolithic Memories, inc. 
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Figure 34. PLD Approach 
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Bo=0;=A4+B4C 


By =O02=A+D+E+F 
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FPLA PLS153/153A COMPATIBLE WITH PAL® LOW/MEDIUM COMPLEXITY PRODUCT, i.e., 14H/L4 16H/L2 16LS 10H/LS 16C1, 
12H/LS 


ADDITIONAL FEATURES: 

1. PROGRAMMABLE OUTPUT POLARITY 

2. PROGRAMMABLE OR ARRAY 

3. 10 OUTPUTS vs. 8 FOR PAL 

4. 32 PRODUCT TERMS vs. 16 FOR LOW AND MEDIUM PALs 


FPLS PLS155/157/159 COMPATIBLE WITH PAL REGISTERED TYPES 16R3, 16R5, 16R4, etc. 


ADDITIONAL FEATURES: 
1. PROGRAMMABLE AND/OR, ALSO CONTROLLABLE FLIP FLOPS; AS D, TOGGLE, OR JK 


*PAL \s a trademark of Monolithic Memories, Inc. 


Figure 35. PLD-20 Product Comparison 


PLD FAMILY SUMMARY 


Field-Programmabie Gate Arrays 


PLS103 16 x9 28-Pin Tri-state (Combinatorial) 
PLS151 18 x 12 20-Pin Tri-state (Combinatorial) 


Field-Programmable Address Decoders 


PLS162 16x 5 24-Pin Tri-state (Combinatorial) 
PLS163 12x9 24-Pin Tri-state (Combinatorial) 
Field-Programmable Logic Arrays 


Tri-state (Combinatorial) 


PLS100 16 X 48 x 8 

PLS101 16 X 48 x 8 Open Collector (Combinatorial) 

PLS153/153A/PLHS153 18 < 45 xX 10 Tri-state (Combinatorial) 

PLS161 | 12 x 48 X 8 Tri-state (Combinatorial) 

PLS173/PLUS173 22 X 45 X 10 Tri-state (Combinatorial) 

PLHS473 20 XK 24 X 11 Tri-state and Open Collector 

PLC473 20 X 24 X 11 Tri-state and Open Collector (CMOS) 

PLHS18P8A 18 X 72x 8 Tri-state (Combinatorial); Fixed OR Array 
Field-Programmable Logic Sequencers 

PLS105/105A 16 X 48 x 8 28-Pin Tri-state Mealy State Machine 

PLS155 16 X 42 X 12 20-Pin Tri-state 4-Bit Sequencer 

PLS157 16 X 42 X 12 20-Pin Tri-state 6-Bit Sequencer 

PLS159/159A 16 X 42 X 12 20-Pin Tri-state 8-Bit Sequencer 

-PLS167/167A 14X48 X6 24-Pin Tri-state Mealy State Machine 

PLS168/168A 12 x 48 X 8 24-Pin Tri-state Mealy State Machine 


PLS179 20 X 42 8 24-Pin Tri-state 8-Bit Sequencer 
PLUS405A 16 X 64 X 8 28-Pin Tri-state Mealy State Machine 


Field-Programmable Macro Logic 


PLHS501 32 X 72 X 24 52-Pin Random Logic Unit 
PLHS502 32 X 64 X 24 52-Pin Registered Logic Unit 
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FPGA LOGIC DIAGRAM PLS103 


(LOGIC GATES—@) 8 


of 
a [6 | 
a {5 | 
WL 
| 3} 
| 2 
hl 1 


LD01471S 


NOTES: 
1. All gate inputs when a blown link float to a logic "1". 
2. @ 
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FPGA LOGIC DIAGRAM 


(LOGIC GATES--G) ——--—_--______-——8 (CONTROL. GATES) 


5 4 3 2 1 0 O02 Di Oo 


e eaedenenterstatamamtane arate neta aceeaigaeatate 


Ad ma ~Y, 


off £4 £8 o£ 
S11] Sio] So} Se 


NOTES: 
1. All gate inputs with a blown link float to a logic ''1". 
2. : 
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FPAD LOGIC DIAGRAM PLS162 


a (LOGIC GATES—G) | 
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FPAD LOGIC DIAGRAM PLS163 


(LOGIC GATES—G) —————___-_________gs 
| 


Lb01221S 
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_FPLA LOGIC DIAGRAM | . PLS100/101 


ae mse wercnarerreanoveniosee so WAAC ee ia NACL NL nD ROR a Arar a Ne LN STN RS AEA RNC RE 
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aa ence 
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C2980 eee eee 


1 : 2) De, 
47 eee oe 040 39° © © © © 0 32 B16 oe ©9423%22082 016 1500 ©ee 68 7 ‘ it 
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LD01450S 


NOTE 
1. All AN gate inputs with a blown link float to a logic "1" 
- 2. A oy fuse float to a logic "0". 
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FPLA LOGIC DIAGRAM PLS153/153A/PLHS153 


o———______—— (LOGIC TERMS—P) —_______—____—-@ @-—-——— (CONTROL TERMS) 8 


D, J 
Hag op 


NOTES: 
1. All programmed "AND" gate locations are pulled to a logic ‘'1". 
2. All quate med ' "O gate locations are pulled to a logic ''0". 
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FPLA LOGIC DIAGRAM | | PLS161 
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FPLA LOGIC DIAGRAM 


NOTES: 


o———_——______—_—_ (LOGIC TERMS—P) —___—_____-______—___ @-———- (CONTROL TERMS) -—_—__-_B 
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1. All programmed "AND" gate locations are pulled to a logic ' 4" 
tt mm loc: 


2. A 


loc ations are pulled to a logic ‘'0"’. 
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FPLA LOGIC DIAGRAM : PLHS473 
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NOTES: 
1. All unprogrammed or virgin 'AND' gate locations are pulled to a logic '1'. 
2. A irgi R’ gate locations are pulled to a logic ‘0’. 
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FPLA LOGIC DIAGRAM PLC473 
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NOTES: 
1. All programmed 'AND' gate locations are pulled to a logic ‘1’. 
2. All programmed 'OR' gate locations are pulled to a logic ‘0’. 
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FPLS LOGIC DIAGRAM PLS105/105A 
ae (LOGIC TERMS - T) (OPTION) 
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NOTES: 
1. All AND gate inputs with a blown link float to a logic '1'. 
wn niles float to a logic '0'. 
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FPLS LOGIC DIAGRAM | PLS155 
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LD017028 
NOTES: 


1. All OR gate inputs with a blown fink float to a logic '0'. 
2. All other gates and contro! inputs with a blown link float to a logic '1'. 
3. @ 


November 1986 . 2-40 


Signetics Application Specific Products @ Series 20 


Signetics Programmable Logic Introduction 


FPLS LOGIC DIAGRAM PLS157 
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NOTES: 
1. All OR gate inputs with a blown link float to a logic ‘0’. 

2. All other gates and control inputs with a blown link float to a logic '1'. 
3. © denotes WIRE-OR. 
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FPLS LOGIC DIAGRAM PLS159/159A 
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NOTES: 
1. All OR gate inputs with a blown link float to a logic ''0”. 

2. All other gates and control! inputs with a blown link float to a logic ‘'1". 
3. © denotes WIRE-OR 
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FPLS LOGIC DIAGRAM PLS167/167A 


——_____- (LOGIC TERMS— 1) ———_— $$$ ——___________-» 


Pee ecesramincasnscms 
7 ef Ce er 
‘s 


i bad co Eg co 
ty ep) Micsdcccescausas sumaccacsumoscuucumunnaansmoscnsce 
ao] gs RS 8 SS OS a rE aR 8 


i SOR RES REN UO 1 A OO GE 8 SERB GE BC 
HS BR OS RB BB a BS se Ce a ae: 
ms BE i eee se a a <i 


oe 
Leese eee eee eee ee eee eee: 
save Os we LE a Pre ae 


OE SR Rae eS 


ie eee 
BS SER BR SR RR BS HS SS BE SO SH HRS LS BS a 
Le cA ee eee a me 
PCr re ee rr eet 
pees nee ce Soe ee eee eee eee 


sabe0gby GogouOT0 doOsbeR: 


808 


Py 


Po 


Ef 


Fy 


aa 
vw 
ps 
= 
o 


Fo 


Fy 


Fo 


SembemwEs 
ls oll» 9 
ov OF Oo 
eS e se 
Lc) 
Sel) 4 el & 


CK 


47 caonveen MM BWeevneseee3Z 31 eoccane 24 2eccsevsestG Wecevsevcel Feseneene Q 


LD02281S 


NOTES: 
1. All AND gate inputs with a blown link float to a logic "1". 
2. All OR gate inputs with a blown link float to a logic 'O". 
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FPLS LOGIC DIAGRAM 


NOTES: 


{LOGIC TERMS—T) —________—_____————_4 
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1. All programmed "AND" gate locations are pulled to a logic 1" 


2. a  leeserante 
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FPLS LOGIC DIAGRAM PLS179 
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1. All OR gate inputs with a blown link float to a logic "0". 
2. All other gates and control inputs with a blown link float to a logic "1" 
2 ® denotes WIRE-O 
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FPLS LOGIC DIAGRAM PLUS405A 
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1. All OR: gate inputs with a blown link float to a logic '0'. 
2. All other gates and control inputs with a blown link float to a logic ‘1°. 
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PLD PROGRAMMING 

The current Signetics family of Programmable 
Logic (PLD) products are high-performance 
bipolar and CMOS devices which use various 
fusing elements to provide the many benefits 
of field programming. Programming is accom- 
plished by application of voltages above 
those used for normal operation; therefore, 
no special pins are required for programming. 
The programming voltages and timing re- 
quirements make unintentional programming 
virtually impossible. 
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Programming Information 


PROGRAMMING INFORMATION. 
Compiete programming system specifications 
for PLD 20-, 24-, and 28-pin and 52-pin PML 
products are available upon request from 
Application Specific Product Marketing. 


Signetics encourages the purchase of pro- 
gramming equipment from a manufacturer 
who has a full-line of programming products 
to offer. Signetics also encourages the manu- 
facturers of PLD programming equipment to 
submit their equipment for verification of elec- 
trical parameters and programming proce- 
dures. Information on manufacturers offering 
equipment certified by Signetics is available 
on request from Application Specific Product 
Marketing. 
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SIGNETICS DISCOURAGES THE 
CONSTRUCTION AND USE OF 

"HOMEMADE" PROGRAMMING 
EQUIPMENT | 


In order to consistently achieve excellent 
programming yields, periodic calibration of 
the programming equipment is required. Con- 
sult the equipment manufacturer for the rec- 
ommended calibration interval. Records of 
programming yield, by device type, should be 
kept and any downward trend or sudden 
change should be considered as an indication 
of a need to recalibrate the programming 
equipment. 


Signetics section 3 
Advanced Product Preview 
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INDEX 


Section 3—- Advanced Product Preview 


PLMC153 
PLUS153 
PLUS173 
PLHS501 
PLHS502 


Mask-Programmable Logic Array (18 X 42 X 10) ........c.cccceeeeeeees 
Field-Programmable Logic Array (18 X 42 X 10) ...........cc cece eeeeees 
Field-Programmable Logic Array (22 X 42 X 10)..........ccceeeeeeeeees 
Programmable Macro Logic Random Logic Unit (32 < 72 xX 24)... 
Programmable Macro Logic Synchronous/Asynchronous Register 


Macro Unit (82 X 64 XK 24)... cece ceeeecccctecececeeeeeuseneeeeses 


signetics 


Application Specific Products 
® Series 20 


DESCRIPTION 


The PLMC153 is a CMOS, mask-pro- 
grammable functional equivalent of the 
PLS153 and PLS153A FPLAs. Custom 
logic patterns can be generated directly 
from working bipolar PLS153/153A de- 
vices. This enables the user to prototype 
and debug a device in a system prior to 
committing the pattern to a mask set. 
The programmed PLMC153 provides 
maximum production economy, while 
the CMOS process technology reduces 
the power consumption of the PLMC153 
to less than one third of its bipolar 
counterparts. 


Identical to the PLS153 and 153A, the 
PLMC153 is a two-level logic element, 
consisting of 42 AND gates and 10 OR 
gates, featuring programmable I/O po- 
larity and direction. 


All AND gates are linked to 8 inputs (I) 
and 10 bidirectional |/O lines (B). These 
yield variable |/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 


On chip T/C buffers couple either True 
(I, B) or Complement (I, B) input polari- 
ties to all AND gates, whose outputs can 


FUNCTIONAL DIAGRAM 


NOTE: 
All points are mask-prograrnmable, 
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PLMC153 


Mask-Programmable Logic 
Array (18 X 42 X 410) 


Signetics Programmable Logic 


Objective Specification 


be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 
FEATURES 

e Single Mask-Programmable 


e Functionally identical to PLS153 
and PLS153A 


e 8 inputs 
e 42 AND gates 
e 10 OR gates 
e 10 bidirectional I/O lines 
e Active-High or -Low outputs 
e 42 product terms: 
- 32 logic terms 
- 10 contro! terms 


e i/O propagation delay: 35ns 
(max.) 


e Power dissipation: (typ.) 
- DC: imA 
- AC: 1mA/MHz 
e input Loading: ~100uA (max.) 
e Tri-state outputs 
e TTL compatible 


AFO1833S 
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PIN CONFIGURATIONS 


N Package 


Bo GND B; Bo B3 


A= Plastic Leaded Chip Carrier 


APPLICATIONS 

e Random logic 

e Code converters 

® Fault detectors 

e Function generators 
e Address mapping 

© Multiplexing 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A°B°C:D-... ; 
TYPICAL LOGIC FUNCTION: 


AT OUTPUT POLARITY =H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY = L. 


NOTES: 

1. For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2.Z, A, B, C, etc. are user defined connections to 
fixed inputs (1) and bidirectional pins (B). 
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Mask-Programmable Logic Array (18 x 42 x 10) PLMC153 


FPLS LOGIC DIAGRAM 
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1. All points are mask-programmable. 
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DESCRIPTION 


The PLUS153 is a two-level logic ele- 
ment, consisting of 42 AND gates and 
10 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. 


All AND gates are linked to 8 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable |/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 


On chip T/C buffers couple either True 
(|, B) or Complement (!, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 


The PLUS153 is field programmable, 
enabling the user to quickly generate 
custom patterns using standard pro- 
gramming equipment. 


Order codes are contained on the pages 
following. 


FUNCTIONAL DIAGRAM 


November 1986 


PLUS153 


Field-Programmable Logic 
Array (18 X 42 X 10) 


Signetics Programmable Logic 


Objective Specification 


FEATURES 
e Field-Programmable (Ti-W links) 


e Functionally identical to PLS153/ 
153A and PLHS153 


e 8 inputs 
e 42 AND gates 
e 10 OR gates 
e 10 bidirectional {/O lines 
e Active-High or -Low outputs 
e@ 42 product terms: 
- 32 logic terms 
- 10 control terms 
e 1/O propagation delay: 12ns (max.) 
e@ input loading: -100uA (max.) 
e Power dissipation: 700mW (typ.) 
e Tri-state outputs 
e TTL compatible 


APPLICATIONS 

e Random logic 

e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

e@ Multiplexing 
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PIN CONFIGURATIONS 


N Package 
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A= Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A‘B‘C-D:... 
TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = 
Z=PO+r Pi+P2... 


AT OUTPUT POLARITY = L 
Z=POFPi+P2+ ... 
Z=P0-'Pi-P2-... 


NOTES: 

\}.For each of the iG outputs, either function Z 
(Active-Hiah) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2.Z, A, B, C, ete. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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Field-Programmable Logic Array (18 x 42 X 40) PLUS153 


FPLA LOGIC DIAGRAM 
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DESCRIPTION 

The PLUS173 is a high-speed version of 
the PLS173 FPLA. The Signetics state- 
of-the-art Oxide Isolated Bipolar fabrica- 
tion process is employed to produce 
performance levels not yet achieved in 
devices of this complexity. 


The PLUS173 is a two-level logic ele- 
ment consisting of 42 AND gates and 10 
OR gates with fusible link connections 
for programming !/O polarity and direc- 
tion. 


All AND gates are linked to 12 inputs (1) 
and 10 bidirectional |/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 22 inputs to 10 outputs. 


On chip T/C buffers couple either True 
(I, B) or Complement (I, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 


The PLUS173 is field-programmable, en- 
abling the user to quickly generate cus- 
tom patterns using standard program- 
ming equipment. 


FUNCTIONAL DIAGRAM 
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PLUS173 


Field-Programmable Logic 
Array (22 * 42 x 10) 


Signetics Programmable Logic 


Objective Specification 


FEATURES 
e Field-Programmable (Ti-W links) 
e Functionally identical to PLS173 
e 12 inputs 
e 42 AND gates 
e 10 OR gates 
e 10 bidirectional !/O lines 
e Active-High or -Low outputs 
e 42 product terms: 
- 32 logic terms 
- 10 control terms 


e 1/0 propagation delay: 12ns 
(max.) 


e@ Input loading: - 100”A (max.) 

e Power dissipation: 700mW (typ.) 
e Tri-state outputs 

e TTL compatible 


APPLICATIONS 

e Random logic 

e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

@ Multiplexing 
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PIN CONFIGURATIONS 


N Package 


N = Plastic 
A Package 


week & &k 


j19} [20] {2x} [22] [23] f24} (25) 


N/C B, B, Bz Be 


A= Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A°B°C-D-... 
TYPICAL LOGIC FUNCTION: 


AT OUTPUT POLARITY =H 
Z=PO+P1+P2... 


AT OUTPUT POLARITY =L 
Z=PO0+P1+P2+... 


Z=P0-P1-P2-... 


NOTES: 

1.For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2.Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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Field-Programmable Logic Array (22 X 42 X 10) PLUS173_ 


FPLA LOGIC DIAGRAM 
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1. All programmed ‘AND’ gate locations are pulled to logic be 
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DESCRIPTION 


The PLHS501 is a member of the 
Signetics Programmable Macro Logic 
family. PML is unique in its capability of 
performing other than two level logic 
functions without incurring !/O buffer 
delays. This allows the logic or system 
designer to imbed logical operations or 
macro structures within the framework of 
the !/O pins. Since the imbedded func- 
tions are independent of the delays 
created by the |/O buffers, they can be 
performed at speeds lesser architec- 
tures cannot reproduce. 


The technique used to perform this oper- 
ation is a NAND foldback network which 
allows the direct interconnection of any 
number of logic nodes within the single 
fuse matrix. Macros can be formed and 
then interconnected to the I/O structure. 
In addition, single-level and multi-level 
logic can be performed at speeds which 
reflect only the logic path utilized. There- 
fore, a single-level logic function has a 
very short path through the device. Addi- 


Preliminary Specification 


FEATURES 


e Signetics NAND foldback 
architecture 


e Field-Programmable 
e 24 dedicated inputs 


e Fixed and programmable output 
buffers 


- 8 I/O buffers 
- 8 EX-OR buffers 
- 4 Active-Low buffers 
- 4 Active-High buffers 
@ 72 internal NAND foldback terms 


e Supported by AMAZE 
Development System 


e Testable in unprogrammed state 
@ Verify Lock Fuse 
e TTL compatible 
e Power dissipation: 1.25W (typ.) 
e@ Logic delay times 

- Single-level = 18ns (max.) 

- Two-level = 26ns (max.) 

~ Internal NAND delay = 8ns 


tional levels incur only one NAND fold- (max.) 
back delay per level. This delay is less 
than the combined delay created by a~ncHITECTURE 


previous generations of devices which 
stipulate that the logic signal must pass 
through i/O buffers after one or two 
levels of logic are performed. 


The PLHS501 is fabricated with 
Signetics, ZA Oxide-lsolated Bipolar 
Process. ZA utilizes Vertical Avalanche 
Migration Programmed (VAMP™) Fuses 
as programming elements. These fuses 
provide high programming yield and reli- 
ability. Proprietary onboard test circuitry 
allows the PLHS501 to be thoroughly 
tested prior to programming. 


*Patent Pending 
November 1986 


e 24 dedicated Inputs; Io - io3 

e 4 Active-High I/Os with individual 
enable: B,- B7 

e 4 Active-Low 1/Os with individual 
fused enable: By - B3 

e 2 Active-High output pairs; each 
pair with common enable: 09-03 

e 2 Active-Low output pairs; each 
pair with common enable: O,- 07 

e 4 EX-OR output pairs; each pair 
with common enable: Xo - X7 

e 72 internal NAND foldback terms 
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PIN CONFIGURATION 


1 
2 
3 
4 
5 
6 
7 
8 
9 


A Package 
(52-Pin PLCC) 


hy 


TOP VIEW 
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FUNCTIONAL DIAGRAM 
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Lf Por 2 
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| JO O83 
7] 9, 9, 
(x2) 
> LS Os: O7 

LD06731S 
ORDERING INFORMATION THERMAL RATINGS 
DESCRIPTION ORDER CODE 
2-Pin Plastic Leaded Chip Carrier PLHS501A 


ABSOLUTE MAXIMUM RATINGS' 


Allowable thermal rise 
RATING ambient to junction 


SYMBOL PARAMETER 


Voc Supply voltage +7 Voc 


Output voltage 


Input currents 


| Output currents | +100 
Temperature range | 

Ta | Operating : 0 +75 
Tstc¢ Storage —65 +150 | 
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Programmable Macro Logic 


Random Logic Unit" (32 X 72 X 24) PLHS501 


DC ELECTRICAL CHARACTERISTICS 0°C <T, <+75°C, 4.75 < Voc <5.25V 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage” 


Voc = Min 
Vcc = Max 
Voc = Min, liy =-12mMA 
Output voltage 
Voc = Min 
lo. = 10mMA 
lon = -2mMA 
Input current 


Voc = Max 
hie Low Vin = 0.45V 
le High Vin = 5.5V 
Output current 

Voc = Max 
lo(orF) Hi-Z state’? Vout = 5.5V 


Vout = 0.45V - 
Short circuit’ Vout = OV 


AC ELECTRICAL CHARACTERISTICS Ty, =0°C to +75°C, 4.75 < Voc < 5.28V, Ri = 4702, Re = 10002 


Output+ 
Output+ 
Output+ 
Output+ 


Outputt 
a 


ne Inputt 
Output+ input+ 
NOTES: 
. Stresses above those listed under "Absolute Maximum Ratings’’ may cause malfunction or permanent damage to the device. This is a stress. rating ban! 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 
. All typical values are at Voc = 5V, Ta = + 25°C. 
. All voltage values are with respect to network ground terminal. 
. Test one at a time. 
. For Pins 15-19, 21-27 and 37-40, Vo, is measured with Pins 5 and 41 = 8.75V, Pin 43 = OV and Pins 42 and 44 = 4.5V. 
For Pins 28-33 and 35-36, Vo, is measured under same conditions EXCEPT Pin 44 = OV. 
Von is measured with Pins 5 and 41 =8.75V, Pins 42 and 43 = 4,5V and Pin 44 = OV. 
. Duration of short circuit should not exceed 1 second. 
Icc is measured with all dedicated inputs at OV and bidirectional and output pins open. 
. Measured at V7 = Vo, + 0.5V. 
. Leakage values are a combination of input and output leakage. 
. Limits are guaranteed with 10 terms maximum connected to each internal feedback line. 


—_ 
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TEST LOAD CIRCUIT _ TIMING DIAGRAM 


INCLUDES SCOPE 
AND JIG 


CAPACITANCE 


WF05411S 


TIMING DEFINITIONS VIRGIN STATE 


A factory shipped virgin device contains all 


‘Pot INU! 10; OUIDUL Selay ORS BASS: fusible links open, such that: 


with EX-OR buffer 


tpp2 ‘Input to Output delay, one pass, 1. All product terms are enabled. 

with NAND buffer 2. All bidirectional (B) pins are outputs. 
tpp3 ‘Input to Output delay, one pass, 3. All outputs are enabled. 

with AND buffer 4. All outputs are Active-High except 
poss JAP TO Culpul delay; Iwo By-B3 (fusable 1/0) and /O,4~/07 


passes, with EX-OR buffer 

tpps Input to Output delay, two 
passes, with NAND buffer 

tppgs §_ Input to Output delay, two 
passes, with AND buffer 

tpn7z Feedback delay per internal 
NAND function performed 

top Delay between output change 
and when output is off (Hi-Z or 
High) 

toe Delay between input change and 
when the output reflects 
specified output level 


which are Active-Low. 


WF05391S 


MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level of 
inputs and outputs, unless otherwise specified. 


input Pulses 
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PROGRAMMABLE MACRO 
LOGIC 


The architectures of current Programmable 
Logic Devices (PLDs) generally employ pro- 
grammable AND-OR gate strings to permit 
implementing logic functions directly in Sum- 
of-Products form (SOP). Often, that becomes 
a bottleneck which interferes with the efficient 
allocation of the on-chip logic resources. This 
becomes very apparent when considering 
very dense PLDs in high pin-count packages. 


PML is a novel architecture which breaks the 
AND-OR bottleneck by relying instead on a 
single NAND-gate array to implement SOP 
logic functions, and to provide a central 
programmable "interconnect" site supporting 
a periphery of multi-level macros on a chip. 


INTRODUCTION 

Today, system designers in a rush to bring 
their products to market are turning more 
than ever toward Programmable Logic De- 
vices, lured by their blend of design elegance 
and efficiency with instant custom flexibility 
despite limitations in density and architecture. 


To be sure, dramatic advances in Bipolar and 
CMOS processing technologies over the last 
decade have spawned denser and faster 
elements, with an occasional twist in architec- 
ture. Nevertheless, the structure of most 
current PLDs is still anchored on a fixed AND- 
OR gate chain linking primitive input, output, 
and function macros on a chip. Recently, to 
enhance the flexibility and design adaptability 
of early product offerings, denser devices 
have been introduced featuring logic macros 
with local programmable options and bypass 
circuitry. 


However, as densities continue to increase, 
this approach is sure to breed devices with an 
overwhelming architectural maze which is 
altogether difficult to design, comprehend, 
and logically manipulate, complicating rather 
than ..mplifying their application. 


PML, however, consists of various logic ''ac- 
cess'' and "'process'' macros coupled via a 
primitive, central programmable structure in 
the on-chip "'interconnect'’ system (see Fig- 
ure 1). Macros can have various local intelli- 
gence which, in turn, may be fixed or variable 
by means of programmable options also em- 
bedded in the central programmable core. 


AND-OR PLD ARCHITECTURE 

From a fundamental theorem of Boolean 
algebra, any combinational logic function can 
be expressed in Sum-of-Products form involv- 
ing only two levels of logic transformation. 
Such functions can be implemented in hard- 
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Figure 3. Basic Architecture of Current PLDs 


ware by chaining two primitive logic macros 
as indicated in Figure 2. 


The outputs of an AND-OR gate chains can 
be interlaced with higher level macros, such 
as flip-flops, to form sequential logic func- 
tions. These may be further combined into 
standard or custom super-macros which, in 
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PROGRAMMABLE | 
INTERCONNECT ' | 
SYSTEM lo 


DFO6440S 


Figure 1. General PML Architecture Based on a Central Programmable 
"Interconnect" System Interlocking Peripheral Macros 


DF06450S 


turn, are interwoven into final system configu- 
rations. Presently, a number of PLDs are 
available which contain fixed sets of logic 


“macros with programmable connections. In- 


variably, their architectures are anchored ona 
pair of concatenated AND-OR gate arrays, as 
diagrammed in Figure 3, to permit implement- 
ing logic functions directly in SOP form. 
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“ ; Virtually all PLDs tall in three main categories: 


= PROM, Fixed OR, and PLA. As illustrated in 
: Figure 4, these differ. primarily in the program- 


mability of the AND-OR gate chain which, by 
being irrevocably interposed as a two-level 
logic link between on-chip macros and 1/O 
paths, often can turn into a désign liability. 


For example, in PROMs the exponential in- 


-- @reasé in AND array size with number of 


inputs is a Severe drawback which limits their 
contention in the logic application arena. 


In fixed oR devices, the fixed inputs to the 
OR array confine their architectures to essen- 
tially a composite of AND-OR, AND-OR-regis- 
ter logic slices detining independent I/O 
paths through the chip. This causes duplica- 
tion of common product terms, and waste of 
unused AND gates in each slice. Also, since 
ach slice is dedicated to an output pin, 


devices with registered, programmable I/O - 


- pins entail an even greater waste of on-chip 
logic resources when configured in register- 
_ bypass or fixed input modes. Moreover, no 
single level logic functions can be constructed, 
except dedicated on-chip control functions. 


Finally, even as the twin programmability of 

the AND-OR arrays in current PLA-type de- 

vices lends greater flexibility, and may circum- 

vent some of the above problems, it does 

pose difficult process, design and perfor- 

- mance compromises in migrating toward 
more dense structures. 


i! Thus, on the whole, the AND-OR gate chain 


forms a bottleneck which can impair the 
fragmentation and reallocation of the on-chip 
_ logic resources, curtailing the adaptability and 
- @fficiency of current PLDs in applications 
involving unstructured algorithms and. scat- 
tered logic functions. 


: *PAL ‘is a registered trademark of Monolithic Memories, Inc. 
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a. PROM: Programmable OR 


F 


OR 
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b. PAL*: Programmable AND 


OR 
L.D08790S 


c. PLA: Programmable AND-OR 


Figure 4. Programmable AND-OR Chain of Current PLDs 
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NAND-NAND GATE 
EQUIVALENCE 


One way of relieving the burden placed on 
PLDs' architecture by the AND-OR gate 
string is to do away with it altogether, and 
replace it with a new programmable structure 
forged out of a new compromise on silicon 
between "'interconnect'’ redundancy and 
ease of design and application. The approach 
adopted for PML is based on the fundamental 
equivalence between two-level AND-OR and 
NAND-NAND gate constructs in expressing 
combinatorial logic functions in SOP form, as 
illustrated in Figure 5. 


Since programmable NAND-NAND logic 
chains can be formed by coupling identical 
NAND gates with programmable inputs, the 
NAND-array string in Figure 6 can be implie- 
mented as a single global array with feed- 
back. 


A basic NAND-array core linking a periphery 
of primitive macros is shown in Figure 7. 
When the feedback path is just a simple wire, 
the NAND-array can be fragmented into sin- 
gle-level or double-level true/complement 
logic functions by programming respectively 
single (a-c-d), or double (a-b-c-d), intercon- 
necting paths through the array from inputs | 
to output F. 


More complex functions can be implemented 
by programming multi-level logic loops 
through the array. 
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Figure 6. NAND-NAND Gate Chain Compressed 
Into a Single Array With Feedback 


TYPICAL 
PROGRAMMABLE 
CONNECTION 


Figure 5. Equivalent NAND-NAND SOP Expression 
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Figure 7. Elementary NAND Array Linking Primitive Macros. 
Note That No Programmable Connection Is implied at 
a Cross of a Solid Line With a Dotted Line 
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BASIC PML ARCHITECTURE 

The primitive NAND core can be expanded to 
support at its periphery a structure of logic 
macros of growing size and complexity, in- 
cluding various types of flip-flops, EX-OR 
gates, buffers, counters, shift registers, multi- 
plexers, decoders, aritnmetic/logic units, 
memories, etc. As illustrated in the general 
structure of Figure 8, I/O macros would 
provide off-chip paths to the outside world, 
while FUNCTION macros looped about the 
array would provide the necessary logic pro- 
cessing capability. 


in deference to trade-offs in functionality and 
speed imposed by the array size and loading, 
Type-1 Output (or Function) macros may be 
driven directly from NAND gates, while Type- 
2 macros may be driven by gates first looped 
througn the array. There are virtually no limits 
to the number, size, and functionality of the 
on-chip macros surrounding the central core, 
other than those imposed by processing and 
packaging capabilities. 


The main design advantage of PML is that it 
relies upon @ single array to interconnect all 
macros. This reduces the design task to that 
of building essentially a PROM-like program- 
rable structure more forgiving than the dou- 
ble array in PLA-type devices, and more 
flexible than that in fixed OR devices. Also, 
the ability to forge the NAND core into multi- 
level lagic paths at will increases the usage 
efficiency of the on-chip logic resources, and 
greatly enhances the versatility of PML in 
most applications. 


THE FIRST PML OFFERING 

The first PML device, designated PLHS501, is 
primarily a combinational logic device includ- 
ing only primitive macros. it is a "gate buck- 
et’ whose deceptively simple structure can 
implement virtually all logic functions provid- 
ed by existing combinational PAL/PLA-type 
devices. Also, it is the first to provide true EX- 
OR output functions (in addition to output 
polarity inversion), as well as multi-level gate 
constructs and cross-coupled latches on-chip 
without involving output pins. These are 
shown in Figure 9. 
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N x M NAND ARRAY 
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Figure 9. Novel Logic Constructs Available With PLHS501 


Built with Signetics'’ proprietary ZA oxide 
isolation process, and vertical fuses, the 
PLHS501 has a NAND matrix about the size 
of a 16k-bit PROM. With a typical Icc of 
250mA, it features maximum input to output 
delays of 18/26ns over the commercial tem- 
perature range, reflecting respectively single 
and double passes through the NAND array. 
Assuming a conservative ''interconnect'’ fac- 
tor of 20%, the PLHS501 has a density 


PLHS501 


OUTPUT 
MACRO 


FUNCTION 


a 
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roughly equivalent to 1,500 2-input NAND 
gates. 


The PLHS5071 is the first member of a grow- 
ing family of devices slated for future intro- 
duction. Built with either Bipolar or Erasable 
CMOS technologies, these will incorporate 
sets of higher level macros, leading to de- 
vices with greater logic power and a more 
efficient utilization of the on-chip interconnect 
system. 
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DESCRIPTION 


The PLHS502 is a member of the 
Signetics Programmable Macro Logic 
family. PML is unique in its capability of 
performing other than two level logic 
functions without incurring !/O buffer 
delays. This allows the logic or system 
designer to imbed logical operations or 
macro structures such as registers with- 
in the framework of the I/O pins. Since 
the imbedded functions are independent 
of the delays created by the I/O buffers, 
they can be performed at speeds lesser 
architectures cannot reproduce. 


The PLHS502 features a unique clock 
matrix that allows the user to individually 
connect each of the 16 buried registers 
to any of 8 different clock sources. The 
output Q of the 8D type and 8 S-R type 
registers is internally feedback to the 
NAND array. In addition the output Q of 
each register is internally feedback to 
both the NAND array and the clock 
array. Thus the PML architecture elimi- 
nates the requirement of utilizing exter- 
nal !/O pins for register feedback paths. 
The PLHS502 is therefore ideally suited 
for both Synchronous and Asynchro- 
nous State Machines as well as event 
driven controller functions. 


The technique used to perform this oper- 
ation is a NAND foldback network which 
allows the direct interconnection-of any 
number of logic nodes within the single 
fuse matrix. Macros can be formed and 
then interconnected to the I/O structure. 
In addition, single level and multiple level 
logic can be performed at speeds which 
reflect only the logic path utilized. There- 
fore, a single-level logic function has a 
very short path through the device. Addi- 
tional levels incur only one NAND foid- 
back delay per level. This delay is less 
than the combined delay created by 
previous generations of devices which 
stipulate that the logic signal must pass 
through |/O buffers after one or two 
levels of logic are performed. 


The PLHS502 is fabricated in Signetics 
ZA Oxide-lsolated Bipolar Process 
which utilizes Vertical Avalanche Migra- 
tion Programmed (VAMP™) Fuses as 
programming elements. These fuses 
provide high programming yield and reli- 
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Programmable Macro Logic 
sync/Async Register Macro 
Unit (32 X 64 X 24) 


Objective Specification 


ability. Proprietary onboard test circuitry 
allows the PLHS502 to be thoroughly 
tested prior to programming. 
FEATURES 


e Signetics NAND foldback 
architecture 


e Field-Programmable 
e 20 dedicated inputs 
e 4 input/clock pins 
e 16 buried registers 
- 8 D type 
- 8 S-R type 
e 8 individual clocks 
- 4 from dedicated input/clock 
pins 
- 4 from NAND array 
e 8 bidirectional |/O 
e 16 dedicated outputs 
- 8 Active-High outputs 
- 4 outputs with polarity control 


- 4 Tri-statable outputs with 
polarity control 


@ 64 internal NAND foldback terms 
@ Logic delay times: 

- Single levei = 22ns (max.) 

- Two logic levels = 30ns (max.) 


- Each additional internal NAND 
delay = 8ns (max.) 


~ Maximum operating frequency 
fuax = 35MHz 


e Supported by AMAZE 
Development System 


e Testable in unprogrammed state 
e Verify Lock Fuse 

e TTL compatible 

e Power dissipation: 1.25W (typ.) 


APPLICATIONS 


® Any digital function requiring 
more than 2 levels of logic 


e Systems requiring state/controller 
functions in conjunction with 
random logic 


e Asynchronous state machines 
e Event-driven state machines 
e Logic sequencers 

e Ripple counters 
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PIN CONFIGURATION 
A Package (52-Pin PLCC) 
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TOP VIEW 
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Programmable Macro Logic Sync/Async Register 
Macro Unit (32 X 64 X 24) 


FUNCTIONAL DIAGRAM 
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Programmable Macro Logic Sync/Async Register 


Macro Unit (32 X 64 X 24) 
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Detail A 


PROGRAMMABLE MACRO 
LOGIC 


The architectures of current Programmable 
Logic Devices (PLDs) generally employ pro- 
grammable AND-OR gate strings to permit 
implementing logic functions directly in Sum- 
of-Products form (SOP). Often, that becomes 
a bottleneck which interferes with the efficient 
allocation of the on-chip logic resources. This 
becomes very apparent when considering 
very dense PLDs in high pin-count packages. 


PML is a novel architecture which breaks the 
AND-OR bottleneck by relying instead on a 
single NAND-gate array to implement SOP 
logic functions, and to provide a central 
programmable "‘interconnect"’ site supporting 
a periphery of multi-level macros on a chip. 


INTRODUCTION 

Today, system designers in a rush to bring 
their products to market are turning more 
than ever toward Programmable Logic De- 
vices, lured by their blend of design elegance 
and efficiency with instant custom flexibility 
despite limitations in density and architecture. 


To be.sure, dramatic advances in Bipolar and 
CMOS processing technologies over the last 
decade have spawned denser and faster 
elements, with an occasional twist in architec- 
ture. Nevertheless, the structure of most 
current PLDs is still anchored on a fixed AND- 
OR gate chain linking primitive input, output, 
and function macros on a chip. Recently, to 
enhance the flexibility and design adaptability 
of early product offerings, denser devices 
have been introduced featuring logic macros 
with local programmable options and bypass 
circuitry. 


However, as densities continue to increase, 
this approach is sure to breed devices with an 
overwhelming architectural maze which is 
altogether difficult to design, comprehend, 
and logically manipulate, complicating rather 
than simplifying their application. 


- PML, however, consists of various logic ''ac- 
cess'' and "process" macros coupled via a 
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primitive, central programmable structure in 
the on-chip "interconnect'' system (see Fig- 
ure 1). Macros can have various local intelli- 
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PROGRAMMABLE 
INTERCONNECT 
SYSTEM 


Figure 2. Typical SOP Function With Elementary AND-OR Gates 
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gence which, in turn, may be fixed or variable 
by means of programmable options also em- 
bedded in the central programmable core. 
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PLHS502 


AND-OR PLD ARCHITECTURE 
From a fundamental theorem of Boolean 
algebra, any combinational logic function can 
be expressed in Sum-of-Products form involv- 
ing only two levels of logic transformation. 
Such functions can be implemented in hard- 
‘ware by chaining two primitive logic macros 
as indicated in Figure 2. 


The outputs of an AND-OR gate chains can “ 
be interlaced with higher level macros, such sans 
as flip-flops, to form sequential logic func- 
tions. These may be further combined into 
standard or custom super-macros which, in 
turn, are interwoven into final system configu- 
rations. Presently, a number of PLDs are 
available which contain fixed sets of logic 
macros with programmable connections. In- 
variably, their architectures are anchored ona 
pair of concatenated AND-OR gate arrays, as 
diagrammed in Figure 3, to permit implement- \ 
ing logic functions directly in SOP form. 


Figure 3. Basic Architecture of Current PLDs 


Virtually all PLDs fall in three main categories: AND 

PROM, Fixed OR, and PLA. As illustrated in 

Figure 4, these differ primarily in the program- 

mability of the AND-OR gate chain which, by F 
being irrevocably interposed as a two-level | 
logic link between on-chip macros and |/O 
paths, often can turn into a design liability. 


OR 


L006770S 


a. PROM: Programmable OR 
For example, in PROMs the exponential in- 


crease in AND array size with number of 


inputs is a severe drawback which limits their i 

contention in the logic application arena. 

In fixed OR devices, the fixed inputs to the AND 

OR array confine their architectures to essen- 

tially a composite of AND-OR, AND-OR-regis- 

ter logic slices defining independent 1/O F 
OR 


paths through the chip. This causes duplica- 

tion of common product terms, and waste of L006760S 
unused AND gates in each slice. Also, since b. PAL*: Programmable AND 
each slice is dedicated to an output pin, 

devices with registered, programmable |/O 


pins entail an even greater waste of on-chip 

logic resources when configured in register- 

bypass or fixed input modes. Moreover, no 

single level logic functions can be constructed, AND 

except dedicated on-chip control functions. 

Finally, even as the twin programmability of F 
the AND-OR arrays in current PLA-type de- on 


vices lends greater flexibility, and may circum- 

vent some of the above problems, it does 

pose difficult process, design and perfor- c. PLA: Programmable AND-OR 

mance compromises in migrating toward Figure 4. Programmabie AND-OR Chain of Current PLDs 
more dense structures. 

Thus, on the whole, the AND-OR gate chain 
forms a bottleneck which can impair the 
fragmentation and reallocation of the on-chip 
logic resources, curtailing the adaptability and 
efficiency of current PLDs in applications 
involving unstructured algorithms and scat- 
tered logic functions. 
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"PAL is a registered trademark of Monolithic Memories, Inc. 
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NAND-NAND GATE 
EQUIVALENCE 


One way of relieving the burden placed on 
PLDs' architecture by the AND-OR gate 
string is to do away with it altogether, and 
replace it with a new programmable structure 
forged out of a new compromise on silicon oeae 
between ‘interconnect’ redundancy and PRODUCT 
ease of design and application. The approach 
adopted for PML is based on the fundamental 
equivalence between two-level AND-OR and 
NAND-NAND gate constructs in expressing 
combinatorial logic functions in SOP form, as 
illustrated in Figure 5. 


F=A*B+C*D 


LD06800S 
Since programmable NAND-NAND logic 
chains can be formed by coupling identical 
NAND gates with programmable inputs, the 
NAND.-array string in Figure 6 can be imple- 
mented as a single global array with feed- 
back. 


Figure 5. Equivalent NAND-NAND SOP Expression 


A basic NAND-array core linking a periphery 
of primitive macros is shown in Figure 7. 
When the feedback path is just a simple wire, 
the NAND-array can be fragmented into sin- 
gle-level or double-level true/complement 
logic functions by programming respectively 
single (a-c-d), or double (a-b-c-d), intercon- 
necting paths through the array from inputs | 
to output F. 


More complex functions can be implemented 
by programming multi-level logic loops 
through the array. 


FEEDBACK PATH 
AF04450S 


Figure 6. NAND-NAND Gate Chain Compressed 
Into a Single Array With Feedback 


PROGRAMMABLE 
CONNECTION 


Figure 7. Elementary NAND Array Linking Primitive Macros. 
Note That No Programmable Connection is Implied at 
a Cross of a Solid Line With a Dotted Line 
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Programmable Macro Logic Sync/Async Register 
Macro Unit (32 X 64 X 24) 


BASIC PML ARCHITECTURE 

The primitive NAND core can be expanded to 
support at its periphery a structure of logic 
macros of growing size and complexity, in- 
cluding various types of flip-flops, EX-OR 
gates, buffers, counters, shift registers, multi- 
plexers, decoders, arithmetic/logic units, 
memories, etc. As illustrated in the general 
structure of Figure 8, !/O macros would 
provide off-chip paths to the outside world, 
while FUNCTION macros looped about the 
array would provide the necessary logic pro- 
cessing capability. 


in deference to trade-offs in functionality and 
speed imposed by the array size and loading, 
Type-1 Output (or Function) macros may be 
diiven directly from NAND gates, while Type- 
2 macros may be driven by gates first looped 
through the array. There are virtually no limits 
to the number, size, and functionality of the 
or-chip macros surrounding the central core, 
other than those imposed by processing and 
packaging capabilities. 
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The main design advantage of PML is that it 
relies upon a single array to interconnect all 
macros. This reduces the design task to that 
of building essentially a PROM-like program- 
mable structure more forgiving than the dou- 
bie array in PLA-type devices, and more 
flexible than that in fixed OR devices. Also, 
the ability to forge the NAND core into muliti- 
level logic paths at will increases the usage 
efficiency of the on-chip logic resources, and 
greatly enhances the versatility of PML in 
most applications. 


THE FIRST PML OFFERING 

The first PML device, designated PLHS501, is 
primarily a combinational logic device includ- 
ing only primitive macros. It is a ''gate buck- 
et'' whose deceptively simple structure can 
implement virtually all logic functions provid- 
ed by existing combinational PAL/PLA-type 
devices. Aliso, it is the first to provide true EX- 
OR output functions (in addition to output 
polarity inversion), as well as multi-level gate 
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PLHS502 


constructs and cross-coupled latches on-chip 
without involving output pins. These are 
shown in Figure 9. 


Built with Signetics' proprietary ZA oxide 
isolation process, and vertical fuses, the 
PLHS501 has a NAND matrix about the size 
of a 16k-bit PROM. With a typical Icc of 
250mA, it features maximum input to output 
delays of 18/26ns over the commercial tem- 
perature range, reflecting respectively single 
and double passes through the NAND array. 
Assuming a conservative "'interconnect"’ fac- 
tor of 20%, the PLHS501 has a density 
roughly equivalent to 1,500 2-input NAND 
gates. 


The PLHS501 is the first member of a grow- 
ing family of devices slated for future intro- 
duction. Built with either Bipolar or Erasable 
CMOS technologies, these will incorporate 
sets of higher level macros, leading to de- 
vices with greater logic power and a more 
efficient utilization of the on-chip interconnect 
system. 
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Field-Programmable Logic Sequencer (16 < 45 X 12).. 
Programmable AND Array Logic (18 X 72 X 8).......... 
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DESCRIPTION 


The PLS151 is a single level logic ele- 
ment, consisting of 15 AND gates with 
fusible link connections for programming 
I/O polarity, |/O direction and output 
enable control. 


All gates are linked to 6 inputs (I) and 12 
bidirectional !/O lines (B). These yield 
variable |/O gate configurations via 3 
direction control gates (D), ranging from 
18 inputs to 12 outputs. 


On chip T/C buffers couple either True 
(i, B) or Complement (I, B) input polari- 
ties to each AND gate. The polarity of ail 
gate outputs is individually programma- 
ble through a set of EX-OR gates for 
implementing AND/NAND logic func- 
tions. Alternately, if desired, OR/NOR 
logic functions can also be realized by 
programming for each gate the compie- 
ment of its inputs and outputs (DeMor- 
gan's Theorem). 


‘ The PLS151 is field programmable, en- 
abling the user to quickly generate cus- 
tom patterns using standard program- 
ming equipment. 


Order codes are contained on the pages 
following. 


FUNCTIONAL DIAGRAM 


Bn 


All Ni-Cr links are initially intact. 
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Product Specification 


FEATURES PIN CONFIGURATIONS 
® Field-Programmable (Ni-Cr link) 
e 6 inputs 
e 15 product terms: 
- 12 logic terms 
- 3 control terms 
e 12 bidirectional 1/O lines 
e Active-High or -Low outputs 
e Programmable output enable 
e Power dissipation: 575mW (typ.) 


e I/O propagation delay: 25ns 
(max.) 


e@ Input loading: -—100uA (max.) 
e TTL compatible 
e Tri-state outputs 


N Package 


N = Plastic 


APPLICATIONS mcPacnage 
e Random gating functions 
e Address decoding 

e Code detectors 

e Memory mapped I/O 

e Fault monitors 

e 1/O port decoders 


A = Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL OUTPUT FUNCTIONS: 
ACTIVE-HIGH 


X=A°B°C:... 


ACTIVE-LOW 


X=A‘B-C-... 
X=A+B+E+... 


NOTES: 

1.For each of the 12 outputs, either function X 
(Active-High) or X (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2. X, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 


B01710S 
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Field-Programmable Gate 


PLS154 
Array (18 X 15 X 412) 7 


FPGA LOGIC DIAGRAM 
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NOTES: 


with a blown link float to a logic "1". 
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p 
Array (18 X 15 X 12) LS154 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 


Maximum junction 
Maximum ambient 


20-pin Plastic DIP 300mil-wide PLS151N 
Allowable thermal rise 


ABSOLUTE MAXIMUM RATINGS' ambient to junction 


. RATING! 
SYMBOL PARAMETER 


enn er 


20-pin Plastic Leaded Chip Carrier 


ee 


Temperature range 
Operating 
Storage 


DC ELECTRICAL CHARACTERISTICS 0°C <T, <+75°C, 4.75V <Voc <5.25V 


Ta 
Tste 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS ane ; UNIT 


Input voltage® 


Vit Low Voc = Min 0.8 Vv 
Vin High Vcc = Max 2.0 
Vic Clamp*4 Voc = Min, tin =-12mA “42 
Output voitage® 

Voc = Min 
VoL Low lo. = 10mMA Vv 
Vou High lon = -2mA 2.4 
Input current’ 
hie Low ~100 | pA 
TT High 40 
Output current 

Voc = Max 
lO(OFF) Hi-Z state Vout = 5.5V 80 pA 

Vout = 0.45V -140 

los Short circuit+® Vout = OV -15 -70 mA 
Capacitance 


Voc = 5V 
Cin Input Vin = 2.0V 8 pF 
Cp 1/O Ve = 2.0V 15 


Notes on following page. 
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Field-Programmable Gate 
PLS151 
Array (18 < 15 X 12) ae 


AC ELECTRICAL CHARACTERISTICS R;, = 4709, Ro = 1k, 0°C <Ta <+75°C, 4.75V <Voco <5.25V 


TEST 
SYMBOL PARAMETER CONDITIONS 


[ee | Propagation doy atu 
ce [Onto eration 
ee 
NOTES: 


1. Stresses above those listed under "Absolute Maximum Ratings'’ may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at Voc = 5V, Ta = + 25°C. 

3. All voitage values are with respect to network ground terminal. 

4. Test one pin at a time. 

5. Duration of short circuit should not exceed 1 second. 

6. Measured at V7 = Vo, + 0.5V. 

7. ly and ly; limits are for dedicated inputs only (Io—Is). 


TEST LOAD CIRCUIT TIMING DIAGRAM 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


* Vo. 


WF05411S 


TIMING DEFINITIONS 

tpp Propagation delay between input 
and output. 

top Delay between input change and 
when output is off (Hi-Z or High). 

tog Delay between input change and 
when output reflects specified out- 
put level. 


WF05390S 


MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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LOGIC PROGRAMMING I/O DIRECTION -— (B) 


In a virgin device all Ni-Cr links are intact. 


The FPGA can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/EX-OR 
gate input connections necessary to imple- 
ment the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 


In this Table the logic state of variables | and 
B associated with each gate Gy, Dr, is as- 
signed a symbol which results in the proper 
fusing pattern of corresponding links defined 
as follows: 


VIRGIN STATE 


A factory shipped virgin device contains all | ACTIVE LeveL | CODE | 
fusible links intact, such that: | mew! | HH | 


L001751S 


1. All outputs at 'H' polarity. 
2. All P, terms are disabled. 
3. All P, terms are active on all outputs. 


4. Ail B terms are !/O unless otherwise pro- 
grammed. 


"AND" ARRAY - (i, B) 


(stare Teo ] [state | cone 
[waerive? [0 | aa Tae ee a 


LD01770S LD01780S 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either | or B) are left intact. 
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DESCRIPTION 


The PLS153 is a two-level logic element, 
consisting of 42 AND gates and 10 OR 
gates with fusible link connections for 
programming !|/O polarity and direction. 


All AND gates are linked to 8 inputs (I) 
and 10 bidirectional |/O lines (B). These 
yield variable |/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 


On chip T/C buffers couple either True 
(I, B) or Complement (|, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 


The PLS153 is field programmable, en- 
abling the user to quickly generate cus- 
tom patterns using standard program- 
ming equipment. 


Order codes are contained on the pages 
following. 


FUNCTIONAL DIAGRAM 
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Field-Programmable Logic 
Array (18 x 42 X 10) 


Signetics Programmable Logic 


Product Specification 


FEATURES 
e Field-Programmable (Ni-Cr links) 
e 8 inputs 
e 42 AND gates 
e 10 OR gates 
e 10 bidirectional I/O lines 
e Active-High or -Low outputs 
e 42 product terms: 
- 32 logic terms 
~ 10 control terms 
e 1/0 propagation delay: 40ns (max.) 
e Input loading: -100uA (max.) 
e Power dissipation: 650mW (typ.) 
e Tri-state outputs 
e TTL compatible 


APPLICATIONS 

e Random logic 

e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

e Multiplexing 


' AFO1832S 
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PIN CONFIGURATION 
N Package 


N = Plastic 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A°B-C-D: 
TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY =H 
z = PO + PI + P2 eee 


AT OUTPUT POLARITY = i. 
PO+PT+P2 oe 


1.For each of the 10 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates 
2.Z, A, B, C, etc. are user defined connections to 
fixed inputs (i) and bidirectional pins (B). 


, either function Z 
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Field-Programmable Logic Array (18 X 42 X 10) 


FPLA LOGIC DIAGRAM 


Product Specification 


o————_—_—_______— (LOGIC TERMS—P) ——_________—_ —— (CONTROL TERMS) ——_—-- 


oC 
co 
Ta.a 
oo 
ofa 
a 
sf 4] Ce 
alse 


a 


a 
Po a 
eer ne 


UV YU Vv Vy Y 
S, [0,/0,/0 
> £5 
Rac 
= 


NOTES: 
1. All programmed ''AND" gate locations are pulled to logic "1". 
2. All programmed "OR" gate locations are pulled to logic "0". 
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Signetics Application Specific Products @ Series 20 


Product Specification 


Field-Programmable Logic Array (18 X 42 X 410) 


PL$153 


ORDERING INFORMATION 


DESCRIPTION 


20-pin Plastic DIP 300mil-wide 


ORDER CODE 


PLS153N 


ABSOLUTE MAXIMUM RATINGS' 


SYMBOL PARAMETER 


[vm | out votage 


RATING 


Input voltage 


Eat 
peat 
[Vour | ouput votage Sd 
iw pt eurents——SS*dYC 

+ 


Voc 


Output currents 


Temperature range 
Operating 
Storage 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage® 


Voc = Min 
Voc = Max 
Voc = Min, lin =-12mA 


Voc = Min 
lo. = 15mA 
lon = -2mA 


Voc = Max 
Vout = 5.5V 
Vout = 0.45V 
Vout = OV 


Hi-Z state’ 
Short circuit*®7 


Capacitance 


Cin Input 
Cp V0 


Notes on following page. 


November 19, 1986 4-11 


THERMAL RATINGS 


TEMPERATURE 


Maximum ambient 

Allowable thermal rise 

ambient to junction 
The PLS153 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 


and ordering information consult the 
Signetics Military Data Book. 


LIMITS 


RE | 


los mA | 
ae eT a SN I OI 
| Capacitance 


Signetics Application Specific Products @ Series 20 Product Specification 


Fieid-Programmable Logic Array (18 < 42 X< 10) | PLS153 


AC ELECTRICAL CHARACTERISTICS R, = 470Q, Ro = 1kQ, 0°C <Ta <+75°C, 4.75V < Voc <5.25V 


| LIMITS 
SYMBOL | PARAMETER TO 


[min | tye? | mex | 
[ee | Propagation doy | Oumpat [pms | moor | | 0 | 0 | mw 
toc [Obit enable | Output | nputs | cmoopr | | os | 06 | mo | 
Teo | Ounout cable?” [Ouran | nme | camer | | 26 [ 06 | me 
NOTES: 

1 


. Stresses above those listed under "Absolute Maximum Ratings'’ may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

. All typical values are at Voc = SV, Ta = + 28°C. 

. All voltage values are with respect to network ground terminal. 

. Test one at a time. 

. Measured with +10V applied to ly. 

. Measured with +10V applied to lp.7. Output sink current is supplied through a resistor to Vcc. 

. Duration of short circuit should not exceed 1 second. 

loc is measured with Io, ly at OV, lg—l7 and Bo.» at 4.5V. 

. Measured at V7 = Vo, + 0.5V. 

. Leakage values are a combination of input and output leakage. 

- li and ly limits are for dedicated inputs only (Io-l7). 


TEST 
CONDITIONS 


ZAOWMNAOAAWN 


—_— ot 


TEST LOAD CIRCUIT TIMING DIAGRAM 


TIMING DEFINITIONS 

tpp Propagation delay between input 
and output. 

top Delay between input change. and 
when output is off (Hi-Z or High). 

tog Delay between. input change and 
when output reflects specified out- 
put level. 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


input Pulses 
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Field-Programmable Logic Array (18 < 42 x 10) PLS153 


LOGIC PROGRAMMING OUTPUT POLARITY - (B) 
The FPLA can be programmed by means of ) 
Logic programming equipment. 


With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 


directly from logic equations using the Pro- [ACTIVE LEVEL | CODE | 
gram Table on the following page. [WIGHT] CC 


In this Table the logic state of variables |, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding links defined 
as follows: 


"AND" ARRAY - (I, B) 


P,D 
LS01870S 


LS01980S 


[state | cove] 
[ont cane [= 


VIRGIN STATE 


A factory shipped virgin device contains 2!! 
fusible links intact, such that: 


1. All outputs at ''H" polarity. 
2. All P, terms are disabled. 
3. All P, terms are active on all outputs. 


P, STATUS 
INACTIVE 


NOTES: 

1. This is the initial unprogrammed state of ail links. 

2. Any gate P,, will be unconditionally inhibited if both the true and complement of an input (either | or B) are 
left intact. 
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Signetics Application Specific Products © Series 20 


Field-Programmable Logic Array (18 x 42 < 410) 


FPLA PROGRAM TABLE 


) 


| 
S| 
bo 
<< 
zs 
ive 
og 
| |é 
a 
wi 
N 
aa 
gues 
a > 
2643 
Guan 
ww uJ 
ae: 
FOS 
Ga EH 
5565 
oa BO 


2. Unused | and 8 bits in the AND array must be programmed Don't 


entries corresponding to states of virgin links exists in the table. 
Care (—). 


1. The FPLA iz shipped with ail links intact. Thus a background ot 
(Shown BLANK for clarity.) 


Pw wee ewe we ewer oceemooeoeeoe ar 


November 19, 


TOTAL NUMBER OF PARTS 


3. Unused product terms can be left blank. 


[DON'T CaRE ' — 


1986 


PROGRAM TABLE # _.___ REV ____. DATE _____. 


fl ~~ 4 


NAME 


VARIABLE 
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Product Specification 


PLS153 | 


TBOOS55S 


signetics 


Application Specific Products 
® Series 20 


DESCRIPTION 


The PLS153A is a two-level logic ele- 
ments, consisting of 42 AND gates and 
10 OR gates with fusible link connec- 
tions for programming |/O polarity and 
direction. 


Ail AND gates are linked to 8 inputs (I) 
and 10 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 


On chip T/C buffers couple either True 
(|, B) or Complement (I, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 


The PLS153A is field programmable, 
enabling the user to quickly generate 
custom patterns using standard pro- 
gramming equipment. 


Order codes are contained on the pages 
following. 


FUNCTIONAL DIAGRAM 


November 19, 1986 


PLS153A 


Field-Programmable Logic 
Array (18 < 42 X 10) 


Signetics Programmable Logic 


Product Specification 


FEATURES 
e Field-Programmable (Ni-Cr links) 
e 8 inputs 
e 42 AND gates 
e 10 OR gates 
e 10 bidirectional I/O lines 
e Active-High or -Low outputs 
e 42 product terms: 
- 32 logic terms 
- 10 control terms 


e 1/O propagation delay: 30ns 
(max.) 


e Input loading: -100uUA (max.) 

e Power dissipation: 650mW (typ.) 
e Tri-state outputs 

e TTL compatible 


APPLICATIONS 

e Random logic 

e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

e Multiplexing 


0 By 


AFO1832S 
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PIN CONFIGURATIONS 


N Package 


CD04680S, 
N = Plastic 


A Package 
4 lo Voc Bo 


Bo GND Bi Bo 83 


A= Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A°B°C°D-... 
TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY =H 
Z=PO0+P1+P2... 


AT OUTPUT POLARITY =L 
Z=P0+P1+P2+... 


Z=P0-Pi-P2... 


NOTES: 

1. For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2.Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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Field-Programmable Logic Array (18 < 42 x eA PLS153A 


FPLA LOGIC DIAGRAM 


e———_________. (LOGIC TERMS-~P) ——_—_______—_—_ i-——— (CONTROL TERMS) --—_——3 


Ries 


| ia a i“ 
a " 


[we] 
OE 


TB00843S 


NOTES: 
1. All programmed "ANDO" gate locations are pulled to logic ' 4" 
2. . » Spares ‘OR" gate oe are pulled to logic ''0". 
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Field-Programmable Logic Array (18 < 42 x 410) PLS153A 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
20-pin Plastic DIP 300mil-wide PLS153AN | Maximum junction | 150°C 
20-pin Plastic Leaded Chip Carrier PLS153AA 


Allowable thermal rise 
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C 
SYMBO PARAMETE sea 
as | in Toe | 


[ves | Seon wotags Side 

[Ve rp vonage 

[Vous | Output vote 

[iw | put morte «dC 

[our | Oitput cures «00 | ma 
: ry 


Temperature range 
Operating 
Storage 


Tst6 


SYMBOL PARAMETER 


Input volitage® 


Voc = Min 
Voc = Max 
Voc = Min, lj = -12mA 


Output voitage 


Voc = Min 
VoL Low?5 lo. = 15mA 
Vou High*§ lon = -2mA 


Input current"! 


hie Low 
ar High 


Output current 


Vcc = Max 
lo(orF) Hi-Z state’ Vout = 5.5V 80 pA 
Vout = 0.45V -140 
Short circuit+®’ Vout = OV ~15 -70 mA 


los 


Capacitance 
Cin | Input pF 
Cg 1/0 


Notes on following page. 
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Field-Programmable Logic Array (18 X 42 X 410) PLS153A 


Output disable? Output Input 


NOTES: 
1. Stresses above those listed under ''Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 
. All typical values are at Voc = 5V, Ta = + 25°C. 
. All voltage values are with respect to network ground terminal. 
. Test one at a time. 
. Measured with +10V applied to I7. 
Measured with +10V applied to Io_7. Output sink current is supplied through a resistor to Voc. 
. Duration of short circuit should not exceed 1 second. 
lcc is measured with Io, 1 at OV and Ip_7 and Bo_g at 4.5V. 
. Measured at V7 = Vo, + 0.5V. 
. Leakage values are a combination of input and output leakage. 
. li and | limits are for dedicated inputs only (Ip-lg). 


TEST 
CONDITIONS 


2DBeEBNOAMA WH 


ee 


TEST LOAD CIRCUIT TIMING DIAGRAM 


prennmene: 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


TIMING DEFINITIONS 

tpp Propagation delay between input 
and output. 

top Delay between input change and 
when output is off (Hi-Z or High). 

toe Delay between input change and 
when output reflects specified out- 
put level. 


WF05390S 


MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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Field-Programmable Logic Array (18 42 < 410) PLS153A 


LOGIC PROGRAMMING OUTPUT POLARITY - (B) 
The FPLA can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded LS01950S 
directly from logic equations using the Pro- ACTIVE LEVEL | CODE 
gram Table on the following page. [HIGH] 


In this Table the logic state of variables I, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding links, defined 
as follows: 


"AND" ARRAY - (I, B) 


P,D 
Ls019708 


| STATE | CODE | STATE 
P~iwaove™ [0 | er Le 


OR ARRAY - (B) | | VIRGIN STATE 


earnest snares neti te 


A factory shipped virgin device contains all 
fusible links intact, such that: 


1. All outputs at ''H" poiarity. 
2. All P, terms are disabled. 
3. All Py, terms are active on all outputs. 


LS02010S 


| Pa STATUS | CODE | [| Pa status | CODE | 
active’ [A — [waetve —[ 
CAUTION: PLS153A TEST 
NOTES: 
1. This is the initial unprogrammed state of all links. COLUMNS 
2. Any gate P,, will be unconditionally inhibited if both the true and complement of an input (either | or B) are The PLS153A incorporates two columns not 
left intact. shown in the logic block diagram. These 


columns are used for in-house testing of the 
device in the unprogrammed state. These 
columns must be cisabied prior to using the 
PLS153A in your application. if you are using 
a Signetics-approved programmer the dis- 
abling is accomplished during the device 
programming sequence. If these columns are 
not disabled, abnormal operation is possible. 


Furthermore, because of these test columns, 
the PLS153A cannot be programmed using 
the programmer algorithm for the PLS153. 
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PLS153A 


Field-Programmable Logic Array (48 x 42 x 410) 


FPLA PROGRAM TABLE 


POLARITY 


pe EEE EEE EERE EEE GE EEE EE Et agadaagoanaaag0a00h eva 
7 : al _2TaVINVA 


31va ~—— A3u~— # aTEVL WwHDOud 
SLUVd JO UIGWNN WLOL “quer 10} 99 UD sua JonpoAd PEEmUN'E 
————"——_# Lav GIZMOGWAS HAWOLSND | Log pounvesBoud 99 isnt Aum NY 244 O90 8 PLE | BesNOn 2 


00000 49 #39IAZ0 SOILANDIS | nti . Chiveyo 20) wv 18 UMOUS) 


AGL JYs HF SENS Syey Gaza 60 SBZIS o) Buipucdsased sarzjuas 
Se ee gS SNS pe CR ee ee # ¥us3qcguo 3ISVHOUNG 10 puncaGyoeg & enys “TSepu! SHU He YM Daddys 1 Yidd FUL “t 


s};0N 


~ AWVN YAWOLSND 


TBO0S55S 
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Field-Programmable Logic 
Array (18 X 42 X 40) 


signetics 


Application Specific Products 
® Series 20 


DESCRIPTION 


The PLHS153 is a high-speed version of 
the PLS153 and PLS153A FPLAs. The 
Signetics state-of-the-art Oxide Isolated 
Bipolar fabrication process is employed 
to produce performance levels not yet 
achieved in devices of this complexity. 


The PLHS153 is a two-level logic ele- 
ments, consisting of 42 AND gates and 
10 OR gates with fusible link connec- 
tions for programming !/O polarity and 
direction. 


All AND gates are linked to 8 inputs (I) 
and 10 bidirectional !/O lines (B). These 
yield variable I/O gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 10 outputs. 


On chip T/C buffers couple either True 
(1, B) or Complement (|, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing BNO or 
AND/NOR logic functions. 


The PLHS153 is field programmable, 
enabling the user to quickly generate 
custom patterns using standard pro- 
gramming equipment. 


FUNCTIONAL DIAGRAM 


November 1986 


Signetics Programmable Logic 


Preliminary Specification 


FEATURES 
e Field-Programmable 


e Functionally identical to PLS153/ 
153A 


e 8 Inputs 
e 42 AND gates 
e 10 OR gates 
e 10 bidirectional 1/O lines 
e Active-High or -Low outputs 
e 42 product terms: 
- 32 logic terms 
- 10 control terms 


e 1/0 propagation delay: 20ns 
(max.) 


e Input loading: -—100uA (max.) 

e Power dissipation: 650mW (typ.) 
e Tri-state outputs 

e TTL compatible 


APPLICATIONS 

e Random logic 

e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

e@ Multiplexing 
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PIN CONFIGURATIONS 


N Package 


N = Plastic 


A Package 


Bo GND Bi Bo Bs 


A= Plastic Leaded Chip Carrier 


LOGIC FUNCTION 
TYPICAL PRODUCT TERM: 
Pn=A°B-C°D:... 


TYPICAL LOGIC FUNCTION: 


AT OUTPUT POLARITY =H 
Z=PO0+P1+P2. 


AT OUTPUT POLARITY =L 


NOTES: 

1.For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2.Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (8B). 
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Field-Programmable Logic Array (18 < 42 x 10) PLHS153 


FPLA LOGIC DIAGRAM 


e-——_—____—_—_—_—— (LOGIC TERMS~—P) -——_____________—-8 #-——— (CONTROL TERMS) ——--—-8 


alr 
fm 
[7] ® 
[%6} Be 
ee 
[14] & 
{e] B, 
m: 
[n}® 
[o}™ 


TBOO943S 


NOTES: 
1. All unprogrammed or virgin "AND" gate locations are pulled to logic ' 4" 
OR" gate locations are pulled to logic ''0" 
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Field-Programmable Logic Array (18 x 42 x 10) PLHS 153 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 


20-pin Plastic DIP 300mil-wide PLHS153N 
20-pin Plastic Leaded Chip Carrier PLHS153A Maximum ambient 


Allowable thermal rise 


ABSOLUTE MAXIMUM RATINGS' | ambient to junction 


SYMBOL PARAMETER The PLHS153 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 

Voc Supply ‘voltage and ordering information consult the 

VIN Input voltage : Signetics Military Data Book. 

Vout Output voltage ; 

lin Input currents 
lout Output currents 


Temperature range 
Operating 
Storage 


DC ELECTRICAL CHARACTERISTICS 0°C <T, <75°C, 4.75V <Voo <5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS Min 5 UNIT 
Typ? | Max 


Input voltage* 


Voc = Min 
Voc = Max 
Voc = Min, lin = -12mA 


Voc = Min ; 
Vor Low?> i : 15mA 0.5 V 
Vou High?® lon =-2mA 2.4 


Input current?! 


Voc = Max 
Ne Low Vin = 0.45V ~100 uA 
lw High Vin = 5.5V 40 


Output current 


Voc = Max 
lo(oFF) Hi-Z state!? Vout = 5.5V 80 pA 
Vout = 0.45V -~140 
lus Short circuit*®” Vout = OV —15 -70 mA 


Capacitance 


Cin Input 
Cg 1/0 


Notes on following page. 
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Fieid-Programmable Logic Array (18 < 42 Xx 10) PLHS153 


TEST 
CONDITIONS 


Propagation delay | Outputt | Input+ 
NOTES: 


1. Stresses above’ those listed under ‘Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

. All typical values are at Voc = 5V, Ta = + 25°C. 

. All voltage values are with respect to network ground terminal. 

Test one at a time. 

. Measured with + 10V applied to Is. 

. Output sink current is supplied through a resistor to Voc. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with all pins = open or 4.5V. 

Measured at Vy = Vo, + 0.5V. 

Leakage values are a combination of input and output leakage. 

li and | limits are for dedicated inputs only (ip-t7). 


NOOR WH 


od ad 
=~ GG? 


TEST LOAD CIRCUIT TIMING DIAGRAM 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


TC01602S 


TIMING DEFINITIONS 

tpp Propagation delay between input 
and output. 

top Delay between input change and 
when output is off (Hi-Z or High). 

tor Deiay between input change and 
when output retiects specified out- 
put ievei. 


WFO5391S 


MEASUREMENTS: . 
All circuit delays are measured at the + 1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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Field-Programmable Logic Array (18 « 42 X< 10) 


LOGIC PROGRAMMING 
The FPLA can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the foliowing page. 


In this Table the logic state of variables |, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding links defined 
as follows: 


"AND" ARRAY - (I, B) 


LS01990S 


STATE CODE 
INACTIVE? [| Oo | 


LS02010S 


P, STATUS CODE 
actwe [A _| 


NOTES: 


PLHS153 


OUTPUT POLARITY - (B) 


‘T 
LS01950S L.$01960S 


ACTIVE LEVEL | CODE ACTIVE LEVEL | CODE 
Low! | ok 


‘ PD 
L$019708 


STATE | CODE | STATE 
_LB ie DON'T CARE’ - 


VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 


{>—s i i. All outputs at ''L"' polarity. 
| 2. All P, terms are enabled. 
3. All P, terms are inactive on ail outputs. 


LS02020S 


P,, STATUS CODE 
INACTIVE! 


1. This is the initial unprogrammed state of all links. It is normally associated with all unused (inactive) AND 


gates P,, Dp. 


2. Any gate P,, will be unconditionally inhibited if both the true and complement of ari input (either | or B) are 


programmed for a connection. 


November 1986 
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Field-Programmable Logic Array (18 X 42 x 410) PLHS153 


FPLA PROGRAM TABLE 


: POLARITY 
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© ERO e yy | 
Ps (ee eee) | 
‘ae <2 GER ESeRe Eee 
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DESCRIPTION 


The PLS155 is a Tri-state output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a ''fold-back"’ in- 
verting buffer and control gate Fo. It 
features 4 registered !/O outputs (F) in 
conjunction with 8 bidirectional !/O lines 
(B). These yield variable |/O gate and 
register configurations via control gates 
(D, L) ranging from 16 inputs to 12 
outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link connec- 
tions for programming |/O polarity and 
direction. All AND gates are linked to 4 
inputs (I), bidirectional !/O lines (B), 
internal flip-flop outputs (Q), and Com- 
plement Array output (C). The Comple- 
ment Array consists of a NOR gate 
optionally linked to all AND gates for 
generating and propagating complemen- 
tary AND terms. 


FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 
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PLS155 


Field-Programmable Logic 
Sequencer (16 X 45 X* 412) 


Signetics Programmable Logic 


Product Specification 


FEATURES 
e Field-Programmable (Ni-Cr link) 
e 4 dedicated inputs 
e 13 control gates 
e 32 AND gates 
e 21 OR gates 
e 45 product terms: 
- 32 logic terms 
- 13 control terms 
e 8 bidirectional 1/0 lines 
e 4 bidirectional registers 
e J-K, T, or D-type flip-flops 
e Asynchronous Preset/Reset 
e Complement Array 
e Active-High or -Low outputs. 
e Programmable OE control 
e Positive edge-triggered clock 
e Ciock frequency: 15MHz (max.) 
e Input loading: —100uA (max.) 
e Power dissipation: 750mW (typ.) 
e TTL compatible 
e Tri-state outputs 


(CONTROL TERMS) 


o 


cae 


AF01870S 
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PIN CONFIGURATIONS 


N Package 


CD03310S 
N = Plastic 


A Package 


Ib CK Voc By 


A= Plastic Leaded Chip Carrier 


APPLICATIONS 

e Random sequential logic 

e Synchronous up/down counters 
e Shift registers 

e Bidirectional data buffers 

e Timing function generators 

e System controllers/synchronizers 
e Priority encoder/registers 


853-0317 86602 
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On-chip T/C buffers couple either True (I, B, 
Q) or Complement (I, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional !/O lines 
(B), whose output polarity is individually pro- 
grammable through a set of EX-OR gates for 
implementing AND-OR or AND-NOR logic 
functions. Another group drives the J-K inputs 
of all flip-flops. The Asynchronous Preset and 
Reset lines (P, R), are driven from the OR 
matrix. 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), steer- 
ing inputs (1), (B), (Q) and programmable 
output select lines (E). 


The PLS155 is field programmable, enabling 


the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are contained on the pages 
following. 


VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 


1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless other- 
wise programmed to J/K only or J/K or D 
(controlled). 

5. All B pins, are inputs and all F pins are 
outputs unless otherwise programmed. 
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LOGIC FUNCTION 


Q3 Q2 a1 a0 
f+ {o]1|o| (sn) PRESENT STATE 


STATE REGISTER AeBece... 


6) wexrse 


SET Qy: Jg= (Qg* Q,°Q,°Q,)eAeBeC... 


Ky=0 


RESET Q,: J, =0 = fd fim i 
K,= (Qg* Q,°Q,¢Q))eaeBec... 


HOLD Q,: Jy =0 
K,=0 
TOGGLE Qg' Jg=(Qg° Q,°Q,°Q,)*AeBeC... 
Kg=(Qg° G,°Q,°G,)eAeBeC... 


7B00901S 


NOTES: 
Similar logic functions are applicable for D and T 
mode flip-flops. 


FLIP-FLOP TRUTH TABLE 


L |X X.HLXXIH L 
L IX X LHX X4IL H 
Lit fbteLLLIaQ qQ 
Lit fLLLHIL H 
Lit fLLHLI H L 
L IL f LL HHI Q@ Q 
H |HTLLLHIL H* 
H |HTLLHE L* 
x TX XLHIL 
x TX XHLIH 
NOTES: 
1.Positive Logic: 
J/K = To + Ty + To even necececvese T34 


Ty = Ceo (Inely elo ...) e(QgeQj...) «(Boe Bye...) 

2. Tdenotes transition from Low to High level. 

3. X= Don't care 

4. * = Forced at F, pin for loading J/K flip-fiop in 1/O 
mode. L must be enabled, and other active Ty 
disabled via steering input(s) |, B, or Q. 

5. AtP = R = H, Q =H. The final state of Q depends 
on which is released first. 

6.* * =Forced at F, pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Tri-state B outputs. 
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FPLS LOGIC DIAGRAM 


———_—_—_—____(LOGIC TERMS - )—___________8) &-——____________—- (CONTROL TERMS)-— 


* EHC ALINE AUEAN : 

eCHO anne 
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Mem emnmantenen ennai cnvanl 
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emis ins 
* ciuninmnniaii 
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a . 

@ 
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Novato Wloiolo 
IU JUIOTUTIU IU \ 
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i ot See Ee Se 


Re 
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ae 
8 Hes WE EE Sa ee Se ee Te 
ctr ft tT ee TT 


Ra 
Pa 


L001702S 


NOTES: 

1. All OR gate inputs with a blown link float to logic '‘O". 

2. All other gates and contro! inputs with a blown link float to logic "1". 
3. ® de 
4.2 34 
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ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE 
20-pin Plastic DIP 300mil-wide PLS155N 
20-pin Plastic Leaded Chip Carrier PLS155A 


ABSOLUTE MAXIMUM RATINGS' 


SYMBOL PARAMETER 


Min 
veo | Semon votase sd 
vm ot vonage | 
Vour | onto votase sd 
ane : 


TEMPERATURE 


Maximum junction 150°C 


Allowable thermal rise . 
: : 75°C 
ambient to junction 


Output currents 


Temperature range 
Operating 
Storage 


LIMITS 


TEST CONDITIONS 


Voc = Max 
Voc = Min 
Voc = Min, lj =-12mA 


Output voltage® 


Voc = Min 
Von High lon = -2mA 
VoL Low lo. = 10mA 


Input current® 


Voc = Max 
lin High Vin = 5.5V <1 80 
lit Low Vin = 0.45V -10 -—100 pA 


Output current 


Voc = Max 
lo (OFF) Hi-Z state® Vout = 5.5V 1 80 yA 
Vout = 0.45V -1 -140 
Short circuit* Vout = OV -70 mA 


los 
a ee 


Capacitance 
Cin 8 pF 
Cout 15 

NOTES: . 


1. Stresses above those listed under "Absolute Maximum Ratings'’ may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 
. All typical values are at Voc = 5V, Ta= + 25°C. 

. All voltage values are with respect to network ground terminal. 

. Test one at a time. 

. Measured with Vj applied to OE. 

. Duration of short circuit should not exceed 1 second. 

. log is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS o0°c <T, <+75°C, 4.75 <Voc <5.25V, Ry = 4702, Ro = 1kQ 


LIMITS 
SYMBOL PARAMETER _ TEST CONDITIONS 


Pulse width 


Clock? high 

Clock low 

Period 
Preset/Reset pulse 


Setup time 


tiss Input 

tise Input (through F,) 

tiss Input (through 
Complement Array)* 


Hold time 

ti Input 
tine 

Propagation delays 


NOTES: 

1. All typical values are at Voc = 5V, Ta = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% —-90%) < 10ns. 

3. Measured at Vr = Vo, + 0.5V. 

4. When using the Complement Array Tcxp = 95ns (min). 
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
6. For test circuits, waveforms and timing diagrams see the following pages. 


November 19, 1986 4-31 


Signetics Application Specific Products @ Series 20 Product Specification 


Field-Programmable Logic Sequencer (16 X 45 X 42) PLS155 


‘SeramakoesoaM 


TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


Ro CL 


= = (INCLUDES 
SCOPE AND JIG 


CAPACITANCE) WFO84008 
Toot1620s MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 
10016118 input Pulses 
TIMING DIAGRAMS TIMING DEFINITIONS 
toKH Width of input clock pulse. 
a — a = toKL interval between clock pulses. 
(INPUTS) 7 A 1. toxp Clock period. 
———— “ tprH Width of preset input pulse. 
tapos t, tis Required delay between beginning 
s1—— es oe : 
of valid input and positive transition 
15v#. 1.5V : of clock. 
CK tise Required delay between beginning 


a t iSt | tox Bar oe t CKt-——>" 


of valid input forced at flip-flop 
output pins, and positive transition 


———— exe ——_—_> 


me . 1.5V of clock. 

(ouTPUTS) Re a tit Required delay between positive 
transition of clock and end of valid 
input data. 

tie Required delay between positive 


transition of clock and end of valid 
input data forced at flip-flop output 
pins. 

- tcxo Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 

toes Delay between beginning of Output 
= Enable Low and when Outputs be- 

(INPUTS) ; come valid. 

top1 Delay between beginning of Output 

Enable High and when Outputs are 
in the off state. 
B tpp Propagation delay between combi- 

(OUTPUTS) national inputs and outputs. 

toge Delay between predefined Output 

Enable High, and when combina- 
- en, ed | ; tional Outputs become valid. 
. tope Delay between predefined Output 
oe saa a \_ Enable Low, and when combina- 
tional Outputs are in the off state. 

tpro Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val- 
id. 


Flip-Flop Outputs 


Gate Outputs 
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TIMING DIAGRAMS (Continued) 


1,8 
(INPUTS) 


Ons MIN. 


“PRESET RESET 


(i, 8 INPUTS) 


(PRESET) ca (esis eae 
(RESET) X_ oka eee 


t pro 


F (RESET) iy 


 1.5V 1.5V 
(OUTPUTS) (PRESET) 


Ns ces woes ae 


VoL 


WF05491S 


* The leading edge of preset/reset must occur only when the input clock is "low'', and must remain "high'' as long 
as required to override clock. The falling edge of preset/reset can never go ''low'' when the input clock is “high''. 


Asynchronous Preset/Reset 


1,8 
(LOAD SELECT) 


ena eee °° 2 a CED 


oe oe oe om am ow oe of | 


| 
F 
(INPUTS) ve 


| 
| 
too1 tis2 tine 


+3V VOH 
(FORCED Dip) ; 


OV VOL 


"“+3V 


{CKH —— OV 


XQ AS 


Flip-Flop Input Mode 
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The FPLS can be programmed by means of ment the desired logic function are coded _ In these tables, the logic state or action of all 


Logic Programming equipment. directly from the State Diagram using the 1/O, control, and state variables is assigned a 

. : ' Program Tables on the following pages. symbol which results in the proper fusing 
With Logic’ programming: the AND/OF-EX: pattern of corresponding links, defined as 
OR input connections necessary to imple- follows: 


"AND" ARRAY - (1), (B), (Qp) 


(T, Fo, L, P, R, D)n (7, Fo, L, P, R, Dn (T, Fo, L, P, R, D)n (T, Fo, L, P, R, Dn, 


STATE | CODE | STATE STATE COE | STATE T CODE, 
inactive? | O | DONTCARE | — | 


LS02030S 


"COMPLEMENT" ARRAY - (C) 


(Th Fo) (Tp, Fo) (Th, Fe) 


ACTION ACTION | CODE | ___Action _| Cope | ACTION | Cope | 
INACTIVE 7° Generate? | A | propacate | © | TRANSPARENT | — | 


LS02080S LS02090: LS02100S 


Cc Cc 


(Dy by» Pry Ry) (Dy by Py» Ry) 


ACTION | CODE | __ACTION ACTION | CODE | ACTION | _CODE | 
I] . 


LS02110S LS02120S LS02130S Lso2140S_ f 


Notes on following page. 
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"OR" ARRAY -(Q, = D-Type) 


ACTIVE (Set) oe INACTIVE (Reset) Za 


LS02150S LS02160S 


"OR" ARRAY -(Q, = J-K Type) 


ACTION | CODE | ACTION | CODE | ACTION . ACTION CODE 


£$02170S LS02180S LS02200S 


T, STATUS | CODE | T, STATUS —_| CODE | POLARITY | CODE | 
LS02210S LS02220S LS02230S 


E, 
ACTION | CODE | 
wastes | 8 


LS02270S 


ACTION 
CONTROL 


ACTION | CODE 
sane | - | 


LS02280S 


NOTES: 

. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
. Any gate (T, Fo, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp, Fe. 

. E, =O and E, => are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

. These states are not allowed for control gates (L, P, R, D), due to their lack of "OR" array links. 


aroan — 
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FPLS PROGRAM TABLE 


CONTROL 


PR. B (0). 
(Q=0) 


| 

| 

| (POL) 
| | 

| 


~¢ 
° 
oO 
oO 
om 
m 
(o] 


2 
m 
a 
m 
=~ 
c 


PROPAGATE e 
TRANSPARENT’ — 


THIS PORTION TO BE COMPLETED BY SIGNETICS 


OF (XXXX) 
CUSTOMER SYMBOLIZED PART # 


DATE RECEIVED 
COMMENTS 


€ 

R 

M 
Jo 
| 
ae 
= 
RE 
se 
Ee 
ee 
8 
ze 
| 10 | 
Lt | 
| 12 | 
[13 | 
| 14 | 
| 35 | 
| 16 | 
= 
| 19 | 
|_20_| 
[21 | 
[22 | 
| 23 | 
| 24 | 
| 25 | 
| 26 | 
27 | 
| 28 | 
20 | 
|_30_| 
| 31 | 
ac 
| ts | 
7 
= 
| 0s | 
| 4 | 
| 03 | 
| 62 | 
| on | 
= 


nda 
c 
a. 
oe 
uy 
c a 
oO <x 
sf 
> = 
2 é 
- 
Eo 
- a 


PURCHASE ORDER # 
SIGNETICS DEVICE # 


CUSTOMER NAME 
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NOTES 
1. The FPLS is shipped with all links intact. Thus a back- 
ground of entries corresponding to states of virgin 
links exists in the table, shown BLANK for clarity. 
Program unused C, |, B, and Q bits in the AND array as: 
(—). Program unused Q, B, P, and R bits in the OR 
array as (—) or (A), as applicable. , 

3. Unused Terms can be left blank. 

4. Q(P) and Q (N) are respectively the present and next 
states of flip-flops Q. 


N 


TB01211S 


signefics 


Application Specific Products 
® Series 20 


DESCRIPTION 


The PLS157 is a Tri-state output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a ''fold-back"’ in- 
verting buffer and control gate Fe. It 
features 6 registered |/O outputs (F) in 
conjunction with 6 bidirectional 1/O lines 
(B). These yield variable |/O gate and 
register configurations via contro! gates 
(D, L) ranging from 16 inputs to 12 
outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link connec- 
tions for programming |/O polarity and 
direction. All AND gates are linked to 4 
inputs (I), bidirectional 1/O lines (B), 
internal flip-flop outputs (Q), and Com- 
plement Array output (C). The Comple- 
ment Array consists of a NOR gate 


optionally linked to all AND gates for 


generating and propagating complemen- 
‘tary AND terms. 


FUNCTION DIAGRAM 


(LOGIC TERMS) 


a 


November 19, 1986 


PLS157 


Field-Programmable Logic 
Sequencer (16 X 45 x 12) 


Signetics Programmable Logic 


Product Specification 


FEATURES 
e@ Field-Programmable (Ni-Cr link) 
e 4 dedicated inputs 
e 13 control gates 
e 32 AND gates 
e 21 OR gates 
e 45 product terms: 
- 32 logic terms 
- 13 control terms 
e 6 bidirectional |/O lines 


_ ©@ 6 bidirectional registers 


e J-K, T, or D-type flip-flops 

e Tri-state outputs 

e Asynchronous Preset/Reset 

e Compiement Array 

e Active-High or -Low outputs 

© Programmable OE control 

e Positive edge-triggered clock 
e Clock frequency: 15MHz (max.) 
e input loading: -100uA (max.) 

e Power dissipation: 750mW (typ.) 
e TTL compatible 


(CONTROL TERMS) 


'  AFO1891S 


4-37 


PIN CONFIGURATIONS 


N Package 


CD03370S 
N = Plastic 


A Package 


lb CK Vog Bs 


CDo3380S 
A= Plastic Leaded Chip Carrier 


APPLICATIONS 

® Random sequential logic 

e Synchronous up/down counters 
e Shift registers 

e Bidirectional data buffers 

e Timing function generators 

e System controllers/synchronizers 
e Priority encoder/registers 
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On-chip T/C buffers couple either True (|, B, 
Q) or Complement (1, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional |/O lines 
(B), whose output polarity is individually pro- 
grammable through a set of EX-OR gates for 
implementing AND-OR or AND-NOR logic 
functions. Another group drives the J-K inputs 
of all flip-flops. The Asynchronous Preset and 
Reset lines (P, R), for two of the registers are 
driven from the AND matrix. The Preset and 
Reset lines (P, R) controlling the lower four 
registers are driven from the OR matrix. 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), steer- 
ing inputs (1), (B), (Q) and programmable 
output select lines (E). 


The PLS157 is field programmable, enabling 


the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are contained on the pages 
following. 


VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 


1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless other- 
wise programmed to J/K only or J/K or D 
(controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 
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LOGIC FUNCTION 


Q3 Q2 Q1 a0 
Te] s]o] (©) onsen 


STATE REGISTER Aepece... 


PoTeTeps] G) wexrsnre 


SET Qo: Jg= (Qg*° Q,*Q,°Q,)eAeBeC... 
Ky =0 


RESET Q,: J, =0 bes, cto 
Ky = (Qg* G,°Q,¢Q,)eaebec... 


HOLD Q,: J, =0 
K,=0 
TOGGLE Q3' Jg=(Qg° Q,°0,°Q,)*Ae BOC... 
Kg=(Qg* Q;° Q,2°Q,)*AeBec... 


TBOOS01S 


NOTES: 
Similar logic functions are applicable for D and T 
mode flip-flops. 


FLIP-FLOP TRUTH TABLE 


NOTES: 


1.Positive Logic: 
J/K = To + 14 4+ To on. eeeeee eee T31 
Th = Ce (Ipelyels ...)¢ (QoQ...) (Boe Bye...) 

2. Tdenotes transition from Low to High level. 

3. X = Don't care 

4.* = Forced at F, pin for loading J/K flip-flop in t/O 
mode. L must be enabled, and other active T, 
disabled via steering input(s) |, B, or Q. 

5. AtP = R =H, Q =H. The final state of Q depends 
on which is released first. 

6.* * =Forced at Fy, pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Tri-state B outputs. 
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FPLS LOGIC DIAGRAM 


e———————______—__(LoGic TEAMS — 1) i gh —————_———_- (CONTROL TERMS) —————_—_______—_ 


LD01693S 


NOTES: 

1. All OR gate inputs with a blown link float to iogic "0". 

2. All other gates and control inputs with a blown link float to logic ''1"'. 
OR 
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ORDERING INFORMATION THERMAL RATINGS 


TEMPERATURE 


DESCRIPTION ORDER CODE 
20-pin Plastic DIP 300mil-wide PLS157N 


ABSOLUTE MAXIMUM RATINGS! 
er 
UNIT 


SYMBOL PARAMETER Max 


Temperature range 
Operating 
Tste Storage 


DC ELECTRICAL CHARACTERISTICS 0°c <Ta <+75°C, 4.75 <Voco <5.25V 


SYMBOL PARAMETER 


Input voltage® 


LIMITS 


UNIT 
min | typ? | Max 


ViH Vcc = Max 
ViL Voc = Min V 
Vic Voc = Min, lin =-12mA 


Output voltage® 


. Vcc = Min 
Vou High lon =-2mA 
Voi Low lo. = 10mMA 


input current 


lw | High Vin = 5.5V <1 80 pA 
hie Low Vin = 0.45V -10 -100 


Output current . 


_ Voc = Max 
lo (OFF) | Hi-Z state® Vout = 5.5V pA 
Vout = 0.45V 
los Short circuit* Vout = 0V mA 


Capacitance 
Cin Input 
Court Output 
NOTES 


1. Stresses above those listed under '’Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 
All typical values are at Voco = 5V, Ta = + 25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with Vi applied to OE. 

Duration of short circuit should not exceed 1 second. 

lcc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

Leakage values are a combination of input and output leakage. 


DNHAARYN 
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AC ELECTRICAL CHARACTERISTICS 0°C <T, <+75°C, 4.75 < Voc <5.25V, Ry = 4702, Ro = 1k 


LIMITS 
SYMBOL PARAMETER TO 


Pulse width 


TEST CONDITIONS 


Clock? high 
Clock low 
Period 

Preset/Reset pulse 


Setup time 


Input 

Input (through F,) 
Input (through 
Complement Array)* 


th CK + (i,B) + Cy = 30pF 0 -10 
tin2 CK + F + 15 10 


Propagation delays 


“toss | Owput erste | F- | OF 

| cor [opie dabei rs (Oe 
wo [owe «de | ame 
toe | ouput ensue | es | ams 
ove | Output dave? | a | cay 
eno | Presevfect «| r= | aa 


NOTES: 

. All typical values are at Voc = 5V, Ta= + 25°C. 

. To prevent spurious clocking, clock rise time (10% - 90%) < 10ns. 

. Measured at Vr = Vo, + 0.5V. 

. When using the Complement Array Tcoxp = 95ns (min). 

. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
. For test circuits, waveforms and timing diagrams see the following pages. 


anh Qn — 
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TEST LOAD CIRCUIT 


CL 


— = (INCLUDES 


SCOPE AND JIG 
CAPACITANCE) 
70016208 


TC01610S 


TIMING DIAGRAMS 


IB < +3V 
are is tis; me 


1.5V 1.5V 1.5V 
! 


ane t o—[— tox em bes ten, — 
_ |+—__——_ tcp esa 


CK 


F /  4.5V 
(OUTPUTS) t 
+" CKO™> 


WF05471S 


1B 
(INPUTS) 


8 
(OUTPUTS) 


a} 
(OUTPUT ENABLE) 


WF05481S 


Gate Outputs 
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VOLTAGE WAVEFORM 


WF05460S 


MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TIMING DEFINITIONS 
toKH Width of input clock pulse. 


toKL Interval between clock pulses. 

tcxp Clock period. 

tpRH Width of preset input pulse. 

tis; Required delay between beginning 
of valid input and positive transition 
of clock. 

tise Required delay between beginning 


of valid input forced at flip-flop 
output pins, and positive transition 


of clock. 

tis Required delay between positive 
transition of clock and end of valid 
input data. 

tine Required delay between positive 


transition of clock and end of valid 
input data forced at flip-flop output 
pins. 

tcxo Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 

toe1 Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

top1 Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

tpp Propagation delay between combi- 
national inputs and outputs. 

toge Delay between predefined Output 
Enable High, and when combina- 
tional Outputs become valid. 

top2 Delay between predefined Output 
Enable Low, and when combina- 
tional Outputs are in the off state. 

tpro Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val- 
id. 
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TIMING DIAGRAMS (Continued) 


1,B 
(INPUTS) 


*PRESET RESET 


(1, B INPUTS) 


(PRESET) a on ee 


t pro 


ae as a 


F (RESET) 
1.5V 1.5V 
(OUTPUTS) (PRESET) Ne ee eee 


VOL 


WF05491S 


* The leading edge of preset/reset must occur only when the input clock is ‘'low'', and must remain "high" as long 
as required to override clock. The falling edge of preset/reset can never go "'low''’ when the input clock is "high'’. 


Asynchronous Preset/Reset 


(LOAD SELECT) 


. +3V VOH 


top tis2 tine 


tCKH 


et——— bypy 


<< <s 


: WF05501S 


Flip-Flop Input Mode 
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The FPLS can be programmed by means of ment the desired logic function are coded In these tables, the logic state or action of all 
Logic Programming equipment. directly from the State Diagram using the  1/O, control, and state variables is assigned a 
With Logic programming, the AND/OR-EX- Program Tables on the following pages. symbol which results in the proper fusing 


OR input connections necessary to imple- pattern of corresponding links defined as 
follows: 


1, B, 
1,B,Q ees 
—.B, 

| 


"AND" ARRAY - (I), (B), (Qp) 


(T, Fo, L, P, R, Dn (T, Fo, L, P, R, Dn (T, Fo, L; P, R, D)p, 


STATE | CODE | STATE | CODE | STATE 
1,B,Q 


| CODE | 
sere? [0 | [—eowr ease [= | 


LS02030S LS02050S 


"COMPLEMENT" ARRAY - (C) 


oe ae Ee 


(Th, Fo) | (Th; Fo) Try Fo) 


[Action | cone [action | cone | [——neTiIOn | CODE [action | cone ] 
T—acrve'== | 0] | [aenerare® [A] | [Tnorncae [© | | [Tvransraner | - 


LS02080S | LS02090S 


"OR" ARRAY - (MODE) 


Cc 


(Dy bys Pr» Ry) (Dy Ly, Pr» Rp) 


ACTION 
JIK OR D 
(CONTROLLED) pk 


L$02120S L$02130S LS$02140S 


ACTION 
PROPAGATE |e | TRANSPARENT | 


Notes on following page. 
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"OR" ARRAY - (Q, = D-Type) 


L8021508 


Lso2160S 


"OR" ARRAY - (Q,, = J-K Type) 


LS02190S LS02200S 


"EX-OR" ARRAY - (B) 


TT, STATUS | CODE | 


[sews | A 


L$022108 


"OE" ARRAY - (E) 


ACTION ACTION | CODE | 


ENABLE? DISABLE 


NOTES: 

1. This is the initial unprogrammed state of ail link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fo, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp, Fe. 

4. E, =O and E, =° are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D), due to their lack of ''OR" array links. 
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Field-Programmable Logic Sequencer (16 x 45 X 412) 


POLARITY 


(—). Program unused Q, B, P, and R bits in the OR 
Q (P) and Q (N) are respectively the present and next 


afray as (—) or (A), a8 applicable. 


ground of entries corresponding to states of virgin 
3. Unused Terms can be left blank. 


1. The FPLS is shipped with all links intact. Thus a back- 
links exists in the table, shown BLANK for clarity. 
2. Program unused C, |, B, and Q bits in the AND array as 


NOTES 


4 


; eke s eae SERERES 
3]. | Paleshcd dee Ales edad eles chaleta 
2 ~ 
- eo} 
2 < 
° 4 
13) a 


CONTROL 7 
FIF MODE 


e 
A 


JiK of D 
(controtled) ¢ 


PROPAGATE 


SOILSNDIS AG G3SL3IdNOO 38 OL NOILYOd SIHL SWVN YHAWOLSNOD 


pry 

wal 

rea) 

< CD or ee Oo eR 

= | SLNSNWOO | 31vaQ—— A3Y # JTEVL WVYDOud 
P ; Q3AIZ034 3LVd SLYVd JO YSSWNN WLOL 
S # LYVd GAZMOSWAS YAWOLSNO # BOIARG SOLLSNDIS 
e (XXXX) JO # YaGYNO SSVHOUNd 
a. 

” 

aul 

a. 

LL. 


TB01350S 
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DESCRIPTION 


The PLS159 is a Tri-state output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a ''fold-back"’ in- 
verting buffer and control gate Fc. It 
features 8 registered |/O outputs (F) in 
conjunction with 4 bidirectional I/O lines 
(B). These yield variable 1/O gate and 
register configurations via control gates 
(D, L) ranging from 16 inputs to 12 
outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. All AND gates are linked to 4 
inputs (|), bidirectional I/O lines (B), 
internal flip-flop outputs (Q), and Com- 
plement Array output (C). The Comple- 
ment Array consists of a NOR gate 
optionally linked to all AND gates for 
generating and propagating complemen- 
tary AND terms. 


FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 


PLS159 


Field-Programmable Logic 
Sequencer (16 45 X 42) 


Signetics Programmable Logic 


Product Specification 


FEATURES 
e Field-Programmable (Ni-Cr link) 
e 4 dedicated inputs 
e 13 control gates 
e 32 AND gates 
e@ 21 OR gates 
e 45 product terms: 
- 32 logic terms 
- 13 control terms 
e 4 bidirectional I/O lines 
e 8 bidirectional registers 
e J/K, T, or D-type flip-flops 
e Asynchronous Preset/Reset 
e Complement Array 
e Active-High or -Low outputs 
e Programmable OE control 
e Positive edge-triggered clock 
e Clock frequency: 15MHz (max.) 
e Input loading: -100yA (max.) 
e Power dissipation: 750mW (typ.) 
e TTL compatible 
e Tri-state outputs 


(CONTROL TERMS) 


November 19, 1986 
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PIN CONFIGURATIONS 
N Package 


CD03350S 
N = Plastic 


A Package 


B, GND OE FO FI 


A= Plastic Leaded Chip Carrier 


APPLICATIONS 

e Random sequential logic 

e Synchronous up/down counters 
e Shift registers 

e Bidirectional data buffers 

e Timing function generators 

e System controllers/synchronizers 
e Priority encoder/registers 


853-0319 86602 
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On-chip T/C buffers couple either True (I, B, 
Q) or Complement (, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional |/O lines 
(B), whose output polarity is individually pro- 
grammable through a set of EX-OR gates for 
implementing AND-OR or AND-NOR logic 
functions. Another group drives the J-K inputs 
of all flip-flops, as well as asynchronous 
Preset and Reset lines (P, R). 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), steer- 
ing inputs (1), (B), (Q) and programmable 
output select lines (E). 


The PLS159 is field programmable, enabling 


the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are contained on the pages 
following. 


VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 


1. O€ is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless other- 
wise programmed to J/K only or J/K or D 
(controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


November 19, 1986 


LOGIC FUNCTION 


Qs a2 és Q0 
rsTolr ol (s.) PRESENT STATE 


STATE REGISTER KeBece... 


G2) neers 


SET Qg Jo® (Age O,¢0,°0,) 9Ae BOC... 
Ky*0 


RESET Q,: J, = 0 = Sindee 
Ky= (Qg* Q,°Q,¢Q,)*aeBec... 


HOLD Q,: J, #0 
Ky 20 


TOGGLE O33 Jg2(Qg* G)°0,¢G,) eae BC... 


Kg *(Qg° Q,°0,¢,) eA BoC... 


7B00901S 


NOTE: 
Similar logic functions are applicable for D and T 
mode flip-flops. 


FLIP-FLOP TRUTH TABLE 


| OE |LckPRJK| QQ] F 
P| mhz 
L |X XHLX XI H L 
L |x xX LHX XIL H 
Lj/L_TLELLLI QT] @ 
Lit fteLLLHIL H 
Lit fttLHLI H L 
LjitftLHH] @ Q 
HfTLLLHIL H* 
HTLLHLIH L* 
xtfxxtHietlxH* 
ao PEN L** 
NOTES: | — 
1.Positive Logic: 
J/K © Ty + Ty + Ta once cc scseeeees T31 


Ty Ce (Inely ele ...)¢(Qo0Qj...) «(Boe Bye...) 

2. Tdenotes transition from Low to High level. 

3. X = Don't care 

4. * = Forced at F,, pin for loading J/K flip-flop in I/O 
mode. L must be enabled, and other active T, 
disabled via steering input(s) |, B, or Q. 

5. AtP = R =H, Q = H. The final state of Q depends 
on which is released first. 

6.* * =Forced at F, pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Tri-state B outputs. 
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FPLS LOGIC DIAGRAM 


o———————— (LOGIC TERMS — T) ——_-_—_———_—_8 =#———————————————_ (CONTROL TERMS) ——_—______—""""@,_ O& 


VEEL, BESe seas es Se VA Ses RRR R Eee lS eS a ee ee 
ttf b tt tate ofan nteteetebntefetapnbtabe ppd Ge aS Sa 
ee ee ge ee 


eg bb 
Ue RS Pept htt ERS BS ER 
EE pee eee Bg —————————— es ee 
B. tet pemin pte tiered pt SES Ss 5 SS CC 620592 SS SE 
co Gucseua0ehss ee —7 Orono eee 
iHRGHGuMs GG ShaeoGmeumaamal BRoe ———E a S 
EE BERR 


rir a a 
PO ree str 
Freee el 

5 a ia |b. 


Farce ol 
| HLF 


VI 
a 
} 
<p 
le 
p= 
t 
as 
iil 
[a a) 
od 
Gor 2 
es 


i 
ie 
<b 
a 
x & 
{| 
eum 
a 
1] 
= 
wn 


ne 
D inp 
Bilemaill 
WN 
ame 
eS 


B19 2900 024 23e cree o1G§ Fee eserg Tevever gg Fo cK’ 4 {1] cK 


LD01684S 


NOTES: 

1. All OR gate inputs with a biown link fioat to logic ''0". 

2. All other gates and control inputs with a blown link float to logic "1"' 
OR 
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ORDERING INFORMATION | THERMAL RATINGS 
DESCRIPTION ORDER CODE _ 


TEMPERATURE 


20-pin Plastic DIP 300mil-wide PLS159N 150°C 


20-pin Plastic Leaded Chip Carrier PLS159A 


Maximum ambient 


ABSOLUTE MAXIMUM RATINGS! Allowable thermal rise 


ambient to junction 


SYMBOL PARAMETER 


Input currents 


Temperature range 


Operating 

Storage 
DC ELECTRICAL CHARACTERISTICS 0°C <Ta <+75°C, 4.75 < Voc <5.25V 
, SYMBOL PARAMETER TEST CONDITIONS 


28 Hv earn sea iy er amnnarein 


input voltage® 


Ames saveerwmatimeuaite 7 SARA hr 


Viv High Voc = Max 
| Vin | Low Voc = Min 0.8 V 
| Vic —— Voc = Min, lin =-12mA -1.2 


Voc = Min 
lon = -2mA 
lo. = 10mMA 


Voc = Max 
Vin = 5.5V 
Vin = 0.45V 


Voc = Max 
Vout = 5.5V 
Vout = 0.45V 
Vout = OV 


Hi-Z state® 


Short circuit* 


NOTES: 


oh 


. Stresses above those listed under "Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 
All typical values are at Voc = 5V, Ta = + 25°C. 

All voltage vaiues are with respect to network ground terminal. 

Test one at a time. 

Measured with Vi applied to OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

Leakage values are a combination of input and output leakage. 


SBNOTS WN 
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AC ELECTRICAL CHARACTERISTICS 0°C <Ta <+75°C, 4.75 <Voo <5.25V, Ry = 4702, Ro = 1kQ 


Pulse width 


LIMITS 


TEST CONDITIONS 


Clock? high 
Clock low 
Period 
Preset/Reset pulse 


Setup time 


Input 
Input (through F,) 
Input (through 
Complement Array)* 


Hold time 


Propagation delays 


eK _ 
oor | Oupa nave? i re | Oe |r 
xe a 
ia 
oe a 


: 
NOTES: 


. All typical values are at Voc = 5V, Ta = + 25°C. 

. To prevents spurious clocking, clock rise time (10% —90%) < 10ns. 

. Measured at V7 = Voz + 0.5V. 

. When using the Complement Array Tcoxp = 95ns (min). 

. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
. For test circuits, waveforms and timing diagrams see the following pages. 


Oar an — 
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PLS159 


TEST LOAD CIRCUIT 


TC01611S 


TIMING DIAGRAMS 


1B / 
(INPUTS) © 1.5V 
= ie ies tis ad 
1.5V 1.5V 1.5V 
CK u 
aes tig 1—> | <+— tox —e}<— toKi—> 
+. t eK p —____—_» 
F 1.5V VT 
(OUTPUTS) t fl 
=tcKo> 
foo,| 
oE 1.5V 1.5V 
I 
toe1 


Flip-Flop Outputs 


1B 
(INPUTS) 1.5V 


8 
(OUTPUTS) 


8B 
(OUTPUT ENABLE) 


Gate Outputs 
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CL 


(INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 

70016208 


ov 


WF05471S 


VOLTAGE WAVEFORM 


ge 15N8|<-—— tr 


zi 
7 eulen 


MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level 
of inputs and outputs, unless otherwise specified. 


input Pulses 


WF05460S 


TIMING DEFINITIONS 
tcKH Width of input clock pulse. 


tCKL Interval between clock pulses. 

tcoxe Clock period. 

tpRH Width of preset input pulse. 

tiss Required delay between beginning 
of valid input and positive transition 
of clock. 

tise Required delay between beginning 


of valid input forced at flip-flop 
output pins, and positive transition 


of clock. 

tis Required delay between positive 
transition of clock and end of valid 
input data. 

tie Required delay between positive 


transition of clock and end of valid 
input data forced at flip-flop output 
pins. 

tcxo Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 

toes Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

ton Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

tpp Propagation delay between combi- 
national inputs and outputs. 

toE2 Delay between predefined Output 
Enable High, and when combina- 
tional Outputs become valid. 

top2 Delay between predefined Output 
Enabie Low, and when combina- 
tional Outputs are in the off state. 

tpRo Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val- 
id. 
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TIMING DIAGRAMS (Continued) 


+3V 
1,8 
(INPUTS) 1.5V 
ov 
+3V 
CK . 1.5V 
amememe OV 
Ons MIN. tist tcKo 
+3V 
"PRESET RESET 
(I, 8 INPUTS) 
(RESET) PASEO ON fee 
t pRO 
F (RESET) re 
1.5V 


(OUTPUTS) (PRESET) 
. VOL 


WF05491S 


* The leading edge of preset/reset must occur only when the input clock is "low'’, and must remain ''high" as long 
as required to override clock. The falling edge of preset/reset can never go "low" when the input clock is "high". 


Asynchronous Preset/Reset 
1,8 


(LOAD SELECT) 


a 


tis2 tine 


tcKH 
je—— ts 


AQ DC 


Flip-Flop Input Mode 


WF05501S 
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PLS159 


The FPLS can be programmed by means of ment the desired logic function are coded In these tables, the logic state or action of all 
Logic Programming equipment. directly from the State Diagram using the !/O, control, and state variables is assigned a 


With Logic programming, the AND/OR-EX- 


OR input connections necessary to imple- fallawe: 


"AND" ARRAY - (I), (B), (Qp) 


(T, Fo, L, P, R, D)n (T, Fo, L, P, R, Dd), 


[stare T C00] State | 6008 
wacrive™? | O_ | _ kee | ot | 


LS02030S LS02050S 


(Ty Fo) (Tn Fc) 


ACTION _| CODE | ACTION [CODE | 


: LS02080S 


"OR" ARRAY - (MODE) 


Cc 


(D,, Ly Py R,) 
ACTION | CODE | 
PROPAGATE Peet 


Notes on following page. 


(0, Ly Pr» Ry) 


ACTION 
TRANSPARENT 


ACTION 
JiIK OR D 
(CONTROLLED) 


_ L$02130S 


LS02120S 
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Program Tables on the following pages. symbol which results in the proper fusing 
pattern of corresponding links defined as 


(T, Fo, L, P, R, D)n 


STATE __ | CODE, 
DON'T CARE f= | 


Lsoz060s | 


(Try Fo) 


___ ACTION CODE 


TRANSPARENT | = | 


LS02100S 


[—nerion [cone 
aes ec 


LS02140S 
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"OR" ARRAY - (Q, = D-Type) 


Tn STATUS Th STATUS 


LS02150S 


ACTIVE (Set) 


"OR" ARRAY -(Q, = J-K Type) 


ACTION 
TOGGLE 


T,, STATUS 
INACTIVE 


Ta STATUS CODE 


L$02210S 


"OE" ARRAY - (E) 


__ACTION ACTION 
iDLe4 CONTROL 


L$02230S 


NOTES: 


INACTIVE (Reset) 


ACTION CODE 


LS$02160S 


LS02180S LS02190S 


""EX-OR" ARRAY - (B) 


{S02220S LS02230S 


ACTION 
ENABLE? 


LS02240S LS02230S 


ACTION CODE 
DISABLE - 


Product Specification 


PLS159 


ACTION CODE 
Pwo [= 


LS$02200S 


POLARITY CODE 


LS02240S 


LS02240S 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 


gk Oh 


November 19, 1986 


. Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,, Fc. 

E, =O and E, =: are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 
. These states are not allowed for control gates (L, P, R, D), due to their lack of ''OR" array links. 
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FPLS PROGRAM TABLE 


CONTROL NOTES 
ee eet eae ee ; Se Se a ee es ern oe: Creat Seen: ea ee 1. The FPLS is shipped with all links intact. Thus a back- 


3. Unused Terms can be left biank 
4. Q (P) and Q (N) are respectively the present and next 
States of flio-tlops CG. 


JINACTIVE = {0 | P, A.B (0). | ground of entries Corresponding to states of virgin 
links exists in the table, shown BLANK for Clarity. 
HBO LH] em | LINACTVE Te] (0) Fiemooe fie To] | 
CTS cup | ee 2 | 2. Program unused C, |, B, and Q bits in the AND array as 
(controtied) 7 (~~). Program unused Q, B, P, and R bits in the OR 
Loon cana f—| Tewase be} “® | array as (—) or (A), as applicable 


TOGGLE co) DISABLE - 
H 


RESET L 


{Q x JIK) : 


| 
l 

Taewenate ta } Lo ee 

oe) 

| 


“” 
nee 
< 
a. 
jog 
uu 
re) 
= 
= 
z 
< 
| coat 
O 
= 


+ 
uu 
=! 
< 
- 
= 
< 
: 
om 
a 


PURCHASE ORDER # 
SIGNETICS DEVICE # 


CUSTOMER NAME 


pemorinite i ee SC ae 
Po oe Com 0) 
S SS 7} 6] s|4{3f2] 1 Jol si2 iio 
y Be ie el ey roi to eal ioe 
S SG 2 a aH RD 
“ GB i Bet Gt (a a a 
: a 0 5 a Ge 
E |. le LA i i GG 
a | * Ga a Ge ea 9 aS a 
ae: HG a OP el 
8 iz Ha ef OO 
w | 2 HC 0 et a aL af a 
o 1h FE tO a 
2 la a a Da el A OB 
ae ee ee ee 
Se | ech os se eerie 
eae me A 2 i GC 
Bebe feo eo) eae ie 
84226 Petr rrr) Cee 
eSew és Clee eee Pee 
re ag mm OE i 1 aD 
ccm lO Se i Cl Ee 
A a OG 
eeU EA et eeeeeee cl tees ceeese== 
eit eee aes ee eee cee 
52 oS 
Ha ne 
BB eH 
OG i 
Fe i On Gt Gl EO 
2) BO Pe a aS 
A i Oa 
cm i oe 
Fe 
cs 
cs 
cs 
rea | 
Pra 
ra] 
Pos | 
roa | 
for] 
| 00 | 


TBO1291S 
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DESCRIPTION 


The PLS159A is a Tri-state output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a "'fold-back"’ in- 
verting buffer and control gate Fe. It 
features 8 registered |/O outputs (F) in 
conjunction with 4 bidirectional |/O lines 
(B). These yield variable 1/O gate and 
register configurations via contro! gates 
(D, L) ranging from 16 inputs to 12 
outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. All AND gates are linked to 4 
inputs (1), bidirectional 1/O lines (B), 
internal flip-flop outputs (Q), and Com- 
plement Array output (C). The Comple- 
ment Array consists of a NOR gate 
optionally linked to all AND gates for 
generating and propagating complemen- 
tary AND terms. 


FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 


ce 
ae LST, 
¥ & 
p< e 
@) 
Ee 
bass | 
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FEATURES 
e High-speed version of PLS159 
e@ Field-Programmable (Ni-Cr link) 
e 4 dedicated inputs 
e 13 control gates 
e 32 AND gates 
e 21 OR gates 
e 45 product terms: 
- 32 logic terms 
- 13 control terms 
e 4 bidirectional 1/O lines 
e 8 bidirectional registers 
e J/K, T, or D-type flip-flops 
e Power on reset feature on all 
flip-flops (F, = 1) 
e Asynchronous Preset/Reset 
e Complement Array 
e Active-High or -Low outputs 
e Programmable OE control 
e Positive edge-triggered clock 
e Clock frequency: 18MHz (max.) 
e input loading: -100uA (max.) 
e Power dissipation: 750mW (typ.) 
e TTL compatible 
e Tri-state outputs 


(CONTROL TERMS) 
P RL o E 


AFO1882S 
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PIN CONFIGURATIONS 


N Package 


CD03350S 
N = Plastic 


A Package 


ly CK Vog F7 


A= Plastic Leaded Chip Carrier 


APPLICATIONS 

e Random sequential logic 

e Synchronous up/down counters 
e Shift registers 

e Bidirectional data buffers 

e Timing function generators 

e System controliers/synchronizers 
e Priority encoder/registers 
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On-chip T/C buffers couple either True (I, B, 
Q) or Complement (i, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional 1/O lines 
(B), whose output polarity is individually pro- 
grammable through a set of EX-OR gates for 
implementing AND-OR or AND-NOR logic 
functions. Another group drives the J-K inputs 
of all flip-flops, as well as asynchronous 
Preset and Reset lines (P, R). 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), steer- 
ing inputs (I), (B), (Q) and programmable 
output select lines (E). 


The PLS159A is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 


1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. Al flip-flops are in D-mode unless other- 
wise programmed to J/K only or J/K or D 
(controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 
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LOGIC FUNCTION 


Q@3 Q2 a1 0 
fi fo]r[o| (sn) PRESENT STATE 


Weeece... 


STATE REGISTER 


6) wexr sure 


SET Qo: Jo= (Qg* Q,°Q,°0,)sAS BOC... 
Kp =0 


RESET Qy: Jy =0 —_ ae te 
Ky,= (Qge Q.* Q,* Qy)) eA BOC vee 


HOLD Q,: J,=0 
Kp =0 
TOGGLE Qs! Jg=(Q3* G,°Q,°O,)eAeBeC... 
Kg=(Qge G,°Q,°Q,)*Ae Bec... 


TBO0901S 


NOTE: 
Similar logic functions are applicable for D and T 
mode flip-flops. 


FLIP-FLOP TRUTH TABLE 


dee OE Ke a 
LIX XHLXXIT HY L 
LIX X LHX XI L H 
Lit-TLeLELLI Q Q 
L IL TfeLLLHIL H 
L |}teftbLLHLI H L 
L |ttTbeLHHI G Q 
H |HfLLLH] -L | H 
H |HTLLHLIH L 

x TX XLHIL H 
x TX XHLIH L 

NOTES: 

1.Positive Logic: 

J/K = To + Ty + To .cccecceeeeeees T34 


Tn = Ceo (Ipely els ...)¢(Q90Q4...) (Boe Bye...) 
2. Tdenotes transition from Low to High level. 
3. X = Don't Care 
4. * = Forced at F, pin for loading J/K flip-flop in I/O 

mode. L must be enabled, and other active T, 

disabled via steering input(s) |, B, or Q. 

5. AtP = R = H, Q =H. The final state of Q depends 
on which is released first. 

6.* * =Forced at F, pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 

Tri-state B outputs. 
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FPLS LOGIC DIAGRAM 


e———_—__—__ (LOGi¢ TERMS — 1) ————_————— (CONTROL ee OE 


to (2 a BGeee hes eee ssnses aa Ses © 
& pode SSeee eee 


ae 


: Serr ry seceusereeecsane: 
2 JiGGSentnE sun 
F, sare conn mae Emm me eee 
POPC SES ee a ce bet ae pecnc pau bebe peapagbeg 
eer rr eet == 
P SRIAuGUaaslannonmUsetl mae eet gee 
5 TEI rr 
: cnesnuaan ere EE + 
6 nagagecuucncneuee ppctebet te =e Shia ee ae eR 
F. Ppecbepetcsd Be eee gas a itt i See 
7 tt tte tpt tte tet tetet tt eteetet dete ——————— as 
en Lo 
Besegee S ee eee eee 
, aie an Gi Bs a SR en es 


- By 


Ee 
a neneagae ie eee Po eee 
3 Pe 


SEsiinsim 
REO Gok 


Ss i 
as ee = 


ft a 
tt Ht - 


B18 8 0 6 0 02g 230 ec ee 6G [eee eee gZ Jeeoseee 


L001681S 


NOTES: 

1. All OR gate inputs with a blown link float to logic "0". 

2. All other gates and control inputs with a blown link float to logic ''1"' 
3. ® denotes WIRE-OR. 
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ORDERING INFORMATION | THERMAL RATINGS 


DESCRIPTION ORDER CODE 
20-pin Plastic DIP 300mil-wide PLS159AN 


TEMPERATURE 
| Maximum junction 150°C 


75°C 


20-pin Plastic Leaded Chip Carrier PLS159AA Maximum ambient 


Allowable thermal rise 
ambient to junction 


ABSOLUTE MAXIMUM RATINGS! 


Temperature range 
Operating 
Storage 


DC ELECTRICAL CHARACTERISTICS 0°C <T, <75°C, 4.75V <Voc <5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS ae. UNIT 
Min Typ? Max 


input voltage* 


Voc = Max 2 
Vec = Min 0.8 


Voc = Min, lin = -12mA -1.2 
VoH High Voc = Min, loy = ~-2mA Vo 
VoL Low . lo. = 10mA 0.35 | 0.5 
“Input current 


2.4 
tn «| High Voc = Max, Vin = 5.5V | <1 40 = 
hie Low Vin = 0.45V -10 | -100 


Output current 


Output voltage 


lO(OFF) Hi-Z state>® Voc = Max, Vout = 5.5V 1 80 pA 
Vout = 0.45V -1 -140 
los Short circuit*® Vout = OV -15 -70 | mA 
Capacitance 
Cin Input Voc = 5.0V, Vin =2.0V — 8 pF 
Cout Output Vout = 2.0V 15 
NOTES: 


1. Stresses above those listed under "Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at Voc = 5V, Ta = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with Vi_ applied to OE. — 

6. Duration of short circuit should not exceed 1 second. 

7.\cc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

8. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS R; = 4702, Ro = 1kQ, NPLS179: 0°C <Ta <+75°C, 4.75V < Voc © 5.25V 


TEST LIMITS 


CONDITIONS UNIT 


Clock? high 

Clock low 

Period 
Preset/Reset pulse 


Input CK + 

Input (through F,) CK + C, = 30pF 
Input (through 

Complement Array)* CK + 


Hold time 


Input CK + (1,B) 
Input (through F,) CK + Ft 


Propagation delay 


Clock Ft CK +t 
Output enable F- OE- 


Output disable® 


Output 
Output enable 
Output disable* 
Preset/Reset 
Power-on preset 
NOTES: 
1. All typical values are at Voc = 5V, Ta= + 25°C. 
2. To prevent spurious clocking, clock rise time (10% -90%) < 10ns. 
3. Measured at Vy = Vo, + 0.5V. 


4. When using the Complement Array Tcxp = 75ns (min). 
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


CL 


= = (INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TC01611S 70016208 
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TIMING DIAGRAMS TIMING DEFINITIONS 
toxH Width of input clock pulse. 


he +3V toKL Interval between clock pulses. 
: ov 


tpaH Width of preset input pulse. 


p= mae tis) mae 


tis Required delay between beginning 
of valid input and positive transition 
1.5V 1.5V 1.5V of clock. 
cK ! 


_— tise Required delay between beginning 


ae t af toKH aah tox. —> 


of valid input forced at flip-flop 
output pins, and positive transition 


+ tcxp —_____> 


e of clock. 

SOUTPUTS) tin Required delay between positive 
transition of clock and end of valid 
input data. 

tine Required delay between positive 


transition of clock and end of valid 
input data forced at flip-flop output 
WFO5471S pins. 
tcxo Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 
toe1 Delay between beginning of Output 
eo Enable Low and when Outputs be- 
(INPUTS) come valid. 
top1 Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
B tppR Delay between Vcc (after power- 
(OUTPUTS) on) and when flip-flop outputs be- 
come preset at "1" (internal Q 
outputs at ''0"’). 
tpp Propagation delay between combi- 
national inputs and outputs. 
toge Delay between predefined Output 
Enable High, and when combina- 
tional Outputs become valid. 
top2 Delay between predefined Output 
Enable Low and when combina- 
tional Outputs are in the off state. 
tprRo Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val- 
id. 


Flip-Flop Outputs 


1B 
(OUTPUT ENABLE) 


WF06872S 


Power-On Reset 
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TIMING DIAGRAMS (Continued) 


1,8 
(INPUTS) 1.5V 


meameee OY 


Tis1* Tis1 TcKO 


+3V 
PRESET/ RESET 


~ OV 
(1, 8 INPUTS) 


Q 


(PRESET) | 


RESET 
TPRO 
: ee oe oe oe oe oe oe ee " Vv H 
F (RESET) ‘ ey : 
(OUTPUTS) (PRESET) ; 


o> Ome ame SED Gey cam meee eS mee ee eee ED Gm ote omen nme” mane enee VO) 


WF17070S 
*Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if T\s; 


cannot be guaranteed by the user. 
Asynchronous Preset/Reset 


1,8 
(LOAD SELECT) 


a 


f 


oe oe oe oe ee ee | 
| 
| 


F | +3V VoH 


OV VOL 


too1 tis2 t iH2 
“+3V 


{CKH === OV 


>XQQ QC 


Flip-Flop Input Mode 
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The FPLS can be programmed by means of ment the desired logic function are coded _!n these Tables, the logic state or action of all 


Logic Programming equipment. directly from the State Diagram using the |/O, control, and state variables is assigned a 
With Logic programming, the AND/OR-EX- Program Tables on the following pages. symbol which results in the proper fusing 

: : ; pattern of corresponding links defined as 
OR input connections necessary to imple- follows: 


eee ES) 


(T, Fo, L, P, R, Dy (T, Fo, L, P, R, Dp, (T, Fo, L, P, R, Dn (T, Fo, L, P, aR, Dn 
state] eon state [600 ait TT eT 
imactve™? | O | TH | 
| Ls020408, Ls020508 


{$02030S 


"COMPLEMENT" ARRAY - (C) 


Sain; 


Try Fo) Tr Fe) (Tr Fo) (Ty Fe) 


ACTION | ACTION _—i| CODE | | ACTION ACTION __|_ CODE | 


|_CODE | | CODE | 
Tacrwe"= | 0 | | [Lo ocnenare® [| A] | [_erornaae [© | | [rnanspanenr [ 


LS02070S LS02080S LS02090S LS02100S 


(Dy Lay Pry Ry) (Day by Pry Ry) , 


ACTION | CODE] ACTION ACTION | CODE | ACTION | CODE | 
J . 


LS02130S L$02140S 


Notes on following page. 
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"OR" ARRAY — (Qu = D- Type) 


Ta STATUS | CODE | Ta STATUS | CODE | 
ACTIVE (Set) | A | INACTIVE (Reset) | oe 


LS021650S LS02160S 


CAUTION: 
The PLS159A Programming Algorithm is different from the PLS159. 


"AND" ARRAY — (Qy =J-K Type) 


ACTION | CODE | ACTION | cope | 


LS02170S LS02190S 


= 


T, STATUS —_| CODE | 
_ INACTIVE | @ | 


LS02220S 


POLARITY POLARITY | CODE | 


LS02240S 


E, 
ACTION | CODE | ACTION | _CODE | 
ENABLE? |e | DISABLE | = | 


LS02270S LS02280S 


ACTION | CODE] 


LS02250S 


ACTION | CODE 
CONTROL | A 
. LSo2260S 


NOTES: 

This is the initial unprogrammed state of all link pairs. it is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

To prevent oscillations, this state is not allowed for C link, pairs coupled to active gates T,, Fc. 

E, =O and E, = -are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

These states are not allowed for control gates (L, P, R, D), due to their lack of ''OR'"’ array links. 


aprons 
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FPLS PROGRAM TABLE 


NOTES 
. The FPLS is shipped with all links intact. Thus a back- 
ground of entries corresponding to states of virgin 
links exists in the table, shown BLANK for Clarity 
Program unused C, |, B. and Q bits in the AND array as 
(—). Program unused Q, B. P, and R bits in the OR 
array as (—) or (A), as applicable. 

3. Unused Terms can be left biank 

4. Q(P) and Q (N) are respectively the present and next 
states of flin-flops Q. 


CONTROL 


_ 


°.R.810.1 x . 
(Q=0) i 


1 
Kor ta FIF MOOE 
| (controlled) 


ad 


PROPAGATE ,@ 


| 

| 

(Qs dK) | 

TRANSPARENT! — | 


THIS PORTION TO BE COMPLETED BY SIGNETICS 


CF (XXXX) 
CUSTOMER SYMBOLIZED PART # 


DATE RECEIVED 
| COMMENTS 


r 


CUSTOMER NAME 
PURCHASE ORDER # 
SIGNETICS DEVICE # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 


TBO1291S 
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DESCRIPTION 


The PLHS18P8A is a two-level logic 
element consisting of 72 AND gates and 
8 OR gates with fusible connections for 
programming !/O polarity and direction. 


All AND gates are linked to 10 inputs (I) 
and 8 bidirectional |/O lines (B). These 
yield variable 1/O gate configurations via 
8 direction control gates, ranging from 
18 inputs to 8 outputs. 


On-chip T/C buffers couple either True 
(I, B) or Complement (I, B) input polari- 


ties to all AND gates. The 72 AND gates © 


are separated into 8 groups of 9 each. 
Each group of 9 is associated with one 
bidirectional pin. In each group, eight of 
the AND terms are ORed together, while 
the ninth is used to establish |/O direc- 
tion. All outputs are individually program- 
mable via an EX-OR gate to allow imple- 
mentation of AND/OR or NAND/NOR 
logic functions. 


In the virgin state, the AND array fuses 
are back-to-back CB-EB diode pairs 
‘which will act as open connections. 
Current is avalanched across individual 
diode pairs during fusing, which essen- 
tially short circuits the EB diode and 
provides the connection for the associ- 
ated product term. 


FUNCTIONAL DIAGRAM 


P71 LoGic TERMS —________p, 


a 
Nistor ooo 8 


4 OU YUYY) 8 
esti 


. © Power dissipation: 750mW 


PLHS18P8A 


Programmable AND Array 
Logic (18 X 72 X 8) 


Signetics Programmable Logic 
Product Specification 


PIN CONFIGURATIONS 
N Package 


The PLHS18P8A is field-programmable, 
allowing the user to quickly generate 
custom pattern using standard program- 
ming equipment. 


Order codes are contained in the pages 
following. 


FEATURES 


e 100% functionally compatible 
with AmPAL18P8A 


e Field-Programmablie 
e 10 inputs 
e 8 bidirectional |/O lines 


e 72 AND gates/product terms N = Plastic 
- ees into eight groups of A Package 
e Programmable output polarity lo Voc Br 


(Tri-state output) 


e 1/0 propagation delay: 20ns 
(max.) 


(nominal) 
e TTL compatible 
e Verify Lock Fuse 


e On-chip test features for 
extensive AC and DC parametric 


testing 
A= Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A°B-C °-D-... 
TYPICAL LOGIC FUNCTION: 


AT OUTPUT POLARITY =H 
Z=PO+P1+P2... 


AT OUTPUT POLARITY =L 
Z=P0+P1+P2+ ehh 
Z=P0°P1-P2:-... 

NOTES: 
1. For each of the 8 outputs, either function Z (Active- 


High) or Z (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
EX-OR gates. 

2.Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 


HME 
bly 
Cry 

val APPLICATIONS 


°B7 e 100% functional replacement for 
all 20-pin combinatorial PALs* 


e Random logic 

“Bo e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

e Multiplexing 


LD02581S 


*PAL is a registered trademark of Monolithic Memories, Inc. 
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PLHS418P8A 


FPLA LOGIC DIAGRAM 
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PRODUCT TERMS (0-71) 


ly 


NOTES: 


0 INPUTS (0-35) ‘ 35 
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1. All unprogrammed or virgin "AND" gate locations are pulled to logic ''1". 
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ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 


20-pin Plastic DIP 300mil-wide PLHS18P8AN Maximum junction 150°C 
20-pin Plastic Leaded Chip Carrier PLHS18P8AA 


Allowable thermal rise . 
ambient to junction 75°C 


ABSOLUTE MAXIMUM RATINGS' 


RATING 
SYMBOL PARAMETER 


Input voltage 
Output voltage 


Vv Output voltage 
OUTPRG | (programming) 
Output current 


Output current 
OUTPRG (programming) 


Temperature range 
Operating temp 
Storage temp 


Notes on following page. 
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DC ELECTRICAL CHARACTERISTICS 0°C <T, <75°C, 4.75V <Voc <5.25V 


SYMBOL PARAMETER 


Input voltage® 


LIMITS 
UNIT 
min | tye? | Max 


TEST CONDITIONS 


Vit Low Voc = Min +0.8 V 
Vin High Voc = Max +2.0 
Vi Clamp Voc = Min, ln = —-18mA -1.2 


Output voltage 


Voc = Min, Vin = Vin or Vit 
Vo. Low lo. = +24mA +0.50 V 
Vou High low =-3.2 42.4 | 43.5 
Voc = Max 
hie Low Vin = +0.40V ~100 pA 
Iie High Vin = +2.7V +25 pA 
I High Vin = +5.5V +1.0 mA 


Voc = Max, Vit = 0.8V, Viy = 2.0V 
loz Output leakage Vout = +2.7V +100 pA 
lozi Output leakage Vout = +0.40V -—250 pA 
Isc Short circuit* Vout = +0.5V —90 mA 


Voc = + 5V 
Vin =2.0V @ f= 1MHz 
Vout =2.0V @ f= 1MHz 


Cin Input 


Cout 1/0 


Capacitance® 
pF 
pF 
NOTES: 


1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. Typical limits are at Voc = 5.0V and Ta= + 25°C. 

3. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vout = 0.5V has been chosen to avoid test 
problems caused by tester ground degradation. 

5. These parameters are not 100% tested, but are periodically sampled. 
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AC ELECTRICAL CHARACTERISTICS R, = 2002, Ro = 3902, 0°C <T, <+75°C, 4.75V <Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER 


TO 
Output disable Output + Ci = 5pF 
NOTES: 


1. Typical limits are at Voc = 5.0V and Ta = + 25°C. 

2. Tpp is tested with switch S; closed and C, = 50pF. 

3. For Tri-state output; output enable times are tested with C, = 50pF to the 1.5V level, and S,; is open for high-impedance to High tests and closed for 
high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output voltage of 
VoH =-0.5V with S; open, and Low-to-High impedance tests are made to the Vo, = +0.5V level with S; closed. 


VIRGIN STATE TIMING DEFINITIONS 


A factory shipped virgin device contains all 


fusible links open, such that: ep Aha ty Cutput propagatence: 
1. All outputs are at "L’"' polarity. ter Input to output disable (Tri-state) 
2. All outputs are enabled. delay (Output Disable). 

3. All p-terms are enabled. tea Input to Output Enable delay 


(Output Enable). 
TIMING DIAGRAM 


INPUTS, 1/O 


XXXXXXKKKX) 
outputs {XX ) WY 


KW 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


MUST BE WILL BE 
STEADY STEADY 


DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 
“OFF” STATE 


WF07381S 


ION 
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Programmable AND Array Logic (18 x 72 X 8) PLHS48P8A 


AC TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


+3.0V -— ——— 


20% 


test 


WFO05390S 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 

_ Input Pulses 


TC02651S 


NOTE: 
C1 and Co are to bypass Voc to GND. 


LOGIC PROGRAMMING 
The FPLA can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/EX-OR 
gate input connections necessary to imple- 
ment the desired logic function are coded = 
directly from logic equations using the Pro- 


gram Table on the following page. __ ACTIVE LEVEL | CODE | ACTIVE LEVEL | CODE | 
| a iow 


In this Table the logic state of variables |, P, 
and B associated with each Sum Term, S, is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 


"AND" ARRAY - (I, B) 


TC02541S 


[state] C00 | 
[pow carer | - | 


TC026408 


NOTES: 
1. This is the initial state of all link pairs. 
2. All unused product terms must be programmed with all pairs of fuses in the INACTIVE state (all fuses on an unused p-term must be programmed). 


November 19, 1986 4-72 


Signetics Application Specific Products @ Series 20 Product Specification 


Programmable AND Array Logic (18 < 72 X 8) PLHS18P8A 


PROGRAM TABLE 


(al fuses on an unused p-term must be 


programmed). 


5. OR array Is fixed as depicted. 


CUSTOMER NAME 

PURCHASE ORDER # 

SIGNETICS DEVICE # 

CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 


TBO2022: 
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Signetics 


Application Specific Products 
@ Series 24 


DESCRIPTION 


The PLS161 is a bipolar, Field-Program- 
mable Logic Array (FPLA). The device 
utilizes the standard AND/OR/Invert ar- 
chitecture to directly implement custom 
sum of product logic equations. 


This device consists of 12 dedicated 
inputs and 8 dedicated outputs. Each 
output is capable of being actively con- 
trolled by any or all of the 48 product 
terms. The True, Complement, or Don't 
Care condition of each of the 12 inputs 
ANDed together comprise one P-term. 
All 48 P-terms are selectively ORed to 
each output. The user must then only 
select which P-terms will activate an 
output by disconnecting terms which do 
not affect the output. In addition each 
output can be fused as Active-High (H) 
or Active-Low (L). 


The PLS161 is fully TTL compatible, and 
includes a chip enable input for output 
inhibit control and expansion of input 
variables. 


Order codes are contained on the pages 
following. 


FUNCTIONAL DIAGRAM 


November 14, 1986 


PLS161 


Field-Programmable Logic 
Array (12 < 48 X 8) 


Signetics Programmable Logic 


Product Specification 


FEATURES 

e Field-Programmabie (Ni-Cr Link) 
e Input variables: 12 

e Output functions: 8 

e Product terms: 48 

e I/O propagation delay: 50ns (max.) 
e Power dissipation: 600mW (typ.) 
e input loading: -100uA (max.) 

e Chip Enable input 

e Output disable function 

e Separate I/O architecture 

e Tri-state outputs 


APPLICATIONS 

e CRT display systems 

e Random logic 

e Code conversion 

e Peripheral controllers 

e Function generators 

© Look-up and decision tables 
e Microprogramming 

e Address mapping 

e Character generators 

e Sequential controllers 
e Data security encoders 
e Fault detectors 

e Frequency synthesizers 


TYPICAL CONNECTION 


PIN CONFIGURATION 
N Package 


TOP VIEW 


N = Plastic 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM 
Po =I9 «by ola ols Iq, 


TYPICAL OUTPUT FUNCTIONS: 
@ CE=0: 
Fo = (Po + P; + P2) @ L = CLOSED 
Py P; © P,) @ L= OPEN 


Fo = ( 


NOTE: 

For each of the 8 outputs either the function F, 
(Active-High) or Fp (Active-Low) is available, but not 
both. The desired output polarity is programmed via 
the EX-OR gates. 


853-0313 86548 


Signetics Application Specific Products @ Series 24 Product Specification 


Field-Programmable Logic Array (12 < 48 x 8) PLS161 


FPLA LOGIC DIAGRAM 


o [7 
h {6 
[5] 
[4] 
6 [3] 
ls [2] 
ts [23 
br [22 
te {21 
to [20 
ho [19] 
hy [18] 


peasine 50 ON COU RED OOOUL 
ena ganeang 


47 @ @ © © © 040 99% © © 0 © 0 32 3130 © eo 0 0 0 23 


= dp cE 
LD02290S 
NOTES: 


1. All AND/EX-OR gate inputs with a blown link float to a logic "1" 
. All O own link float to'a logic ''0"’. 
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Field-Programmable Logic Array (12 < 48 x 8) PLS164 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE 
24-pin Plastic DIP 300mil-wide PLS161N 


ABSOLUTE MAXIMUM RATINGS' 


SYMBOL PARAMETER 


Temperature range 
Operating 
Storage 


TEMPERATURE 


Allowable thermal rise 
ambient to junction 


DC ELECTRICAL CHARACTERISTICS 0°C <T,s <75°C, 4.75V <Voo <5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


Input voltage® 
Voc = Max 
Voc = Min 
Voc = Min, |ij =-12mA 
Output voltage® 


Voc = Min 
Vou High® lon =-2mA 
VoL Low® lo. = 9.6mA 


lH High 
hie Low 


Output current 


CE = High, Voc = Max 
lO(OFF) Hi-Z state Vout = 5.5V 
Vout = 0.45V 
los Short circuit*’ CE = Low, Vout = OV -15 mA 


Capacitance 


CE = High, Voc = 5.0V 
Cin VIN =2V 8 pF 
Cout Vout = 2V 17 


Notes on following page. 
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Field-Programmable Logic Array (12 < 48 x 8) PLS161 


AC ELECTRICAL CHARACTERISTICS RF, = 4702, Re = 1k2, C, = 30pF, 0°C < Ta <+75°C, 4.75V< a <5.25V 


Fo uiwits 
SYMBOL PARAMETER UNIT 


Propagation delay 


eo ot SS~*~SSSC tet dSCdSC 
[te [chip erabio ———~S~*dSCSC att —~ Chip ered | | ts | a] 


Disable time - 
a 
NOTES: 


1. Stresses above those listed under ''Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

. All values are at Voc = 5V, Ta= + 25°C. 

. All voltage values are with respect to network ground terminal. 

. Test one pin at a time. 

Measured with V;_ applied to CE and a logic high stored. 

Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor to Vcc. 

. Duration of short circuit should not exceed 1 second. 

. Ico is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open. 


LOGIC PROGRAMMING EX-OR ARRAY - (F) 
The FPLA can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 


ONOORWND 


ACTIVE LEVEL | CODE | 
LS02304S 


In this Table the logic state or action of 
variables |, P, and F, associated with each 
Sum Term S,, is assigned a symbol which 
results in the proper fusing pattern of corre- 
sponding link pairs, defined as follows: 


"AND" ARRAY - (I) 


NOTES: 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) 
AND gates P,. 
2. Any gate P,, will be unconditionally inhibited if any one of its (I) link pairs is left intact. 
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Field-Programmable Logic Array (12 < 48 x 8) PLS164 


TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


I 


=" (INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 
TC016528 70016618 


ov 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


TIMING DIAGRAMS Input Pulses 


TIMING DEFINITIONS 

tce Delay between beginning of Chip 
Enable Low (with Input valid) and 
when Data Output becomes valid. 


1.5V . tcp Delay between when Chip Enable 
tee ' becomes High and Data Output is 
= in off state (Hi-Z or High). 
gers rw f tpp Delay between beginning of valid 
YY ray Input (with Chip Enable Low) and 
trp when Data Output becomes valid. 
Read Cycle VIRGIN STATE 


The PLS161 virgin device is factory shipped 
in an unprogrammed state, with all fuses 
intact, such that: 


1. All P, terms are disabled. (Inactive). 
2. All P, terms are active on all outputs. 
3. All outputs are Active-High. 
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PLS161_ 


Field-Programmable Logic Array (12 < 48 X 8) 


FPLA PROGRAM TABLE 


MEER ATR RER 
EGER ECRRES 
JTRRRR HERES 
A ETRSERERE 


“syndyno pesnun ye 303 (H) JayUy 'Z 
‘uo aou0 pewwebod Aywelog “4 


S3LON 


SALON 


43 uy ueseug 
JON Wel pold 


NOILONNA iNndino 


TAAS1 BAILOV LNdiNO 


S3IMLNA 219¥L WYHDOU 


pasn jo sjndjno pesnun 10} jeg ‘2 
‘Aejod jndyno jo yuapusdapui sawjuyQ “4 


pasn jo sjndui pesnun 10} (-) 19}u9 


_-BTaVVA LdNI 


“SUUI9}-q | 


aLvG A328 _ # 21S VL NVEDOUd 
SLYVd JO Y3SSANN IWLOL 


# 1LYVd G3AZNOGWAS Y3WOLSNSD 


XXXX) 49 # ADIASG SOILSNDIS 


# YW30GHO SSVHOUNd 


3WVN YAWOLSND 


TBO01540S 
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DESCRIPTION 


The PLS162 is a bipolar, Field-Program- 
mable Address Decoder. The device 
consists of five AND/NAND gates which 
share 16 common inputs. The type of 
gate is selected by programming the 
output as Active-High (H) or Active-Low 
(L). Each of the 16 inputs Ip — 1,5 can be 
programmed to provide the True (H), 
Complement (L), or Don't Care (—) 
state to each of the five AND/NAND 
gates. OR/NOR logic functions can also 
be implemented by complementing the 
inputs and outputs via on-chip inverting 
buffers. 


The device is field programmable, which 
means that custom patterns are immedi- 
ately available. 


The PLS162 includes chip-enable con- 
trol for output strobing and inhibit. It 
features Tri-state outputs for ease of 
expansion of input variables and applica- 
tion in bus-organized systems. 


Order codes are contained on the fol- 
lowing pages. 


FUNCTIONAL DIAGRAM 
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PLS162 


Field-Programmable Address 
Decoder (16 X 5) 


Signetics Programmable Logic 


Product Specification 


FEATURES 

© Field-Programmable (Ni-Cr link) 
e 16 input variables 

e 5 output functions 

e Chip Enable input 


e 1/O propagation delay: 30ns 
(max.) 


e Power dissipation: 500mW (typ.) 
e@ Input loading: -100uA (max.) 

e Tri-state outputs 

e Output disable function: Hi-Z 

e Fully TTL compatible 


APPLICATIONS 

e Random logic 

e Address decoders 

e Code detectors 

e Peripheral selectors 

e Fault monitors 

@ Machine state decoders 


Typical Connection 


LD01230S 


5-9 


PIN CONFIGURATION 


N Package* 


CD03340S 


*N = Plastic 


LOGIC FUNCTION 


TYPICAL OUTPUT FUNCTIONS: 
ACTIVE-HIGH 
X=A°B-C-... 


ACTIVE-LOW 
M=A-B-C:... 
X=A+B+E+ ... 

NOTES: 


1. For each of the 5 outputs, either function X (Active- 
High) or X {Active-Low) is available, but not both. 


The desired output polarity is programmed via the 
EX-OR gates. 

2.X, A, B, C, etc. are user defined connections to 
fixed inputs (1) and output pins (F). 
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Field-Programmable Address Decoder (16 x 5) PLS162 


FPAD LOGIC DIAGRAM 


a (LOGIC GATES—-G) nef] 


: L0D01240S 


NOTE: 
1. All gate inputs with a blown link float to a logic 


", 
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Field-Programmable Address Decoder (16 X< 5) PLS162 


ORDERING INFORMATION 


24-pin Plastic DIP 
300mil-wide 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


Output voltage 
Vo Off-state +5.5 Voc 


Temperature range 
Operating 
Storage 


0 to +75 
-65 to +150 


LIMITS 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage’ 
Vin i Voc = Max 
ViL Voc = Min 
Vic Voc = Min, lin =-12mA 


Output voltage’ 


Voc = Min 
Von High® loH =—-2mA 
VoL Low* lo. = 15mA 


Input current . 


| Voc = Max 
lin High Vin = §.5V 
lin Low Vin = 0.45V 


Output current 


Voc = Max ; 
lo (OFF) Hi-Z state® Vout = 5.5V 40 pA 
Vout = 0.45V ~-40 
Short circuit?:7 Vout = 0V -15 -70 mA 


los 
a 


Capacitance | 


Cin Input pF 
Cout Output® 


Voc = 5.0V 
Vin = 2.0V 
Vout = 2.0V 
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Field-Programmable Address Decoder (16 X 5) PLS162 


AC ELECTRICAL CHARACTERISTICS o0°c <Ta <+75°C, 4.75 <Voo <5.25V, Ry = 4709, Ro = 1kQ2 


eae teenie eeneentireraie rere rete 


tep Propagation delay Output 


tce Chip enable | Output | Chip enable 
tcp Chip disable Output Chip enable 


NOTES: 

. All voltage values are with respect to network ground terminal. 

. All typical values are at Voc = 5V, Ta = + 25°C. 

. Test each pin one at a time. 

. Measure with a programmed logic condition for which the output under test is at low logic level. Output sink current is supplied through a resistor to 
Voc. 

. Measured with Vi. applied to CE and logic high at the output. 

. Measured with Vi applied to CE. 

. Duration of short circuit should not exceed 1 second. 

. loc is measured with the outputs open. 


eon — 


OND OH 
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Field-Programmable Address Decoder (16 x 5) PLS162 


TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


— == 'cb 


RQ CL 
a f 
— = (wWCLUDES ~-VoOL 


a SCOPE AND JIG 
CAPACITANCE) 
TC016608 WF05521S 
All inputs: t, = t) = 5ns (10% to 90%) 


ha ls ane TN ELS A ES 8B cn alin et 


LOGIC PROGRAMMING OUTPUT POLARITY -— (F) 


In a virgin device all Ni-Cr links are intact. 
The FPAD can be programmed by means of 

Logic Programming equipment. } > 
With Logic programming, the AND/EX-OR 
gate input connections necessary to imple- 


ment the desired logic function are coded 
directly from the logic equations using the 


Program Table on the following page. | ACTIVELEVeL | CODE | CODE 
In this table, the logic state of variables | and 
F associated with each gate G, is assigned a 


LS02361S 


zi ‘ 


symbol which results in the proper fusing 
pattern of corresponding links defined as 
follows: 


"AND" ARRAY - (I) 


STATE STATE 
INACTIVE !>2 DON’T CARE 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Gp, will be unconditionally inhibited if both the true and complement of any input (either | or B) are left intact. 


VIRGIN DEVICE 
The PLS162 is shipped in an unprogrammed 
state, characterized by: 


1. All P, terms are disabled. (Inactive). 
2. All Py, terms are active on all outputs. 
3. All outputs are Active-Low. 
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Field-Programmable Address Decoder (16 X 5) PLS162 


FPAD PROGRAM TABLE 


CUSTOMER NAME THIS PORTION TO BE COMPLETED BY SIGNETICS 


PURCHASE ORDER® CX) 
SIGNETICS DEVICE# S| CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS DATE RECEIVED 

PROGRAM TABLE# —_____———CS<CSC‘CSS SC MENTS 


Fg (14) = 

F, (13) = aaa 

Fo (11) = 3 Sar are 
sl NO) ee IS a Nahe a a re 

F, (9) = 7 


Ce DE DEEL LEE LEE 


VARIABLE 
NAME 


PROGRAM TABLE ENTRIES TABLE ENTRIES AND { CONTROL 


NOTES 
. The FPAD is shipped with all links intact. Thus a background ot entries INACTIVE - 0 


corresponding to states of virgin links exists in the table, Shown BLANK rt 


for Clarity. 


. Unused | bits are normally programmed Don't Care (—). Dont care — | 


t 
| 
3 
| 
. Unused Gates can be left diank. : 
: { 


TB01281S 
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DESCRIPTION 


The PLS163 is a bipolar, Field-Program- 
mable Address Decoder. The device 
consists of nine AND/NAND gates 
which share 12 common inputs. The 
type of gate is selected by programming 
the output as Active-High (H) or Active- 
Low (L). Each of the 12 inputs Ip —-1,, 
can be programmed to provide the True 
(H), Complement (L), or Don't Care (—) 
state to each of the nine AND/NAND 
gates. OR/NOR logic functions can also 
be implemented by complementing the 
inputs and outputs via on-chip inverting 
buffers. 


The device is field programmable, which 
‘means that custom patterns are immedi- 
ately available. 


The PLS163 includes chip-enable con- 
trol for output strobing and inhibit. It 
features Tri-state outputs for ease of 
expansion of input variables and applica- 
tion in bus-organized systems. 


Order codes are contained on the fol- 
lowing pages. 


FUNCTIONAL DIAGRAM 


ae eee eee ee ey ae ee oe ee 


November 14, 1986 


Fusible Ni-Cr links are initially intact at all array cross-points. 


PLS163 


Field-Programmable Address 
Decoder (12 X 9) 


Signetics Programmable Logic 


Product Specification 


FEATURES 

e Field-Programmable (Ni-Cr link) 
e 12 input variables 

e 9 output functions 

e Chip Enable input 


e 1/0 propagation delay: 30ns 
(max.) 


e Power dissipation: 600mW (typ.) 
e input loading: -—100uA (max.) 

e Tri-state outputs 

e Output disable function: Hi-Z 

e Fully TTL compatible 


APPLICATIONS 

e Random logic 

e Address decoders 

e Code detectors 

e Peripheral selectors 

e Fault monitors 

e Machine state decoders 


Typical Connection 


Fo 

F7 

— Fg 
cE 


5-15 


LDO1210S 


PIN CONFIGURATION 


N Package* 


TOP VIEW 


*N = Plastic 


LOGIC FUNCTION 


TYPICAL OUTPUT FUNCTIONS: 
ACTIVE-HIGH 


X=A°B°C:-... 


ACTIVE-LOW 


X=A‘B-C-... 
X=A+B4CH+ ... 


NOTES: 

1. For each of the 9 outputs, either function X (Active- 
High) or X (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
EX-OR gates. 

2. X, A, B, C, etc. are user defined connections to 
fixed inputs (1) and output pins (F). 
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Field-Programmable Address Decoder (12 x 9) PLS163 


FPAD LOGIC DIAGRAM 


(LOGIC GATES—G) ——_____________s . 


Ss 


— 
a 


a 
ey ey er ede] 


= 
o 


2a Gl 


~ 
~y 
- 
~ 
a 


; L001221S 


NOTES: 


1. All gate blown link float to a logic "1". 


inputs with a 
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Field-Programmable Address Decoder (12 X 9) PLS163 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


24-pin Plastic DIP 
300mil-wide 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


Output voltage 
Vo Off-state +5.5 Voc 


Temperature range 
Operating 
Storage 


0 to +75 
—65 to +150 


LIMITS 
TEST CONDITIONS 


Voc = Max 
Voc = Min 
Voc = Min, lin =-12mA 


Voc = Min 
lon =—-2mA 
lo. = 15mA 


Input current 


Voc = Max 
Vin = 5.5V 
Vin = 0.45V 


Output current 


Voc = Max 
lo (OFF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V 

Short circuit?)” Vout = OV 


Cin Input 
Cout Output® 
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Field-Programmable Address Decoder (12 X 9) PLS163 


AC ELECTRICAL CHARACTERISTICS 0°c <T, <+75°C, 4.75 <Voo <5.25V, Ry = 4702, Ro = 1kQ 


(ee _| Persson day eet 20 
[ce | orp enable «Ott | Grip ena | cu=ammr | «a 
NOTES: 


1. All voltage values are with respect to network ground terminal. 

2. All typical values are at Voc = 5V, Ta= + 25°C. 

3. Test each pin one at a time. 

4, Measure with a programmed logic condition for which the output under test is at low logic level. Output sink current is supplied through a resistor to Vcc. 
5. Measured with V\_ applied to CE and logic high at the output. 

6. Measured with Vi applied to CE. 

7. Duration of short circuit should not exceed 1 second. 

8. lcc is measured with the outputs open. 
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Field-Programmable Address Decoder (12 X 9) PLS163 


TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


1.5V 1.5V 


All inputs: t, = t= 5ns (10% to 90%) 


~Vo. 


WOGE1IS. 


LOGIC PROGRAMMING 
In a virgin device all Ni-Cr links are intact. 


The FPAD can be programmed by means of 
Logic Programming equipment. ; > 


With Logic programming, the AND/EX-OR 
gate input connections necessary to imple- 
ment the desired logic function are coded 
directly from the logic equations using the 


Program Table on the following page. | ACTIVELEVEL | CODE | 
In this table, the logic state of variables | and | tow PL 


F associated with each gate G, is assigned a abet 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 


"AND" ARRAY - (1) 


INACTIVE "2 POF DON'T CARE 


L$02311S 


NOTES: 
1. This is the initial unprogrammed state of ail links. 
2. Any gate G, will be unconditionally inhibited if both the true and complement fuses of any input (I) are left intact. 


VIRGIN DEVICE 
The PLS163 is shipped in an unprogrammed 
state, characterized by: 


1. All P, terms are disabled. (inactive). 
2. All P, terms are active on all outputs. 
3. All outputs are Active-Low. 
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Field-Programmable Address Decoder (142 X 9) | PLS163 


FPAD PROGRAM TABLE 


CUSTOMER NAME __________sss—s—SsSC<CS<27]} HCO THIS PORTION TO BE COMPLETED BY SIGNETICS 
PURCHASE ORDER# _. CF (XXXX) 


SIGNETICS DEVICE # _ | CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER. OF PARTS ~~W—_______ | DATE RECEIVED 
PROGRAM TABLE # _ | COMMENTS 


VARIABLE 
NAME 


NOTES 

. The FPAD is shipped with ail links intact. Thus a background of entries 

corresponding to states of virgin links exists in the table. Snown BLANK f;-~—~----—--—-—---——=— + 
1 
| 
| 
{ 
i] 
1 
i 
j 


—_ 


for clarity. 
. Unused | bits are normally programmed Don't Care (—). INACTIVE 0 


. Unused Gates can be left. biank. 


Nn 


TB01271S 
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DESCRIPTION 


The PLS167 is a bipolar, programmable 
state machine of the Mealy type. The 
Field Programmable Logic Sequencer 
(FPLS) contains logic AND-OR gate ar- 
rays with user programmable connec- 
tions which control the inputs of on-chip 
State and Output Registers. These con- 
sist respectively of 8 Q,, and 4 Q; edge- 
triggered, clocked S/R flip-flops, with an 
asynchronous preset option. 


All flip-flops are unconditionally preset to 
"1" during power turn-on. 


The AND Array combines 14 external 
inputs, lo.43, with 8 internal inputs, Po.7, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, Po and P, of the internal State 
Register are brought off-chip to allow 
extending the Output Register to 6 bits, if 
so desired. 


Ail transition terms can include True, 


False, or Don't Care states of the con- 
trolling variables, and are merged in the 
OR Array to issue next-state and next- 
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 


Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to Output- 


FUNCTIONAL DIAGRAM 


November 14, 1986 


. @ 8-bit State Register 


PLS167 


Field-Programmable Logic 
Sequencer (14 < 48 xX 6) 


Signetics Programmable Logic 
Product Specification 


PIN CONFIGURATIONS 
N Package 


Enable function, as an additional user 
programmable option. 


Order codes are contained on the pages 
following. 

FEATURES 

e Field-Programmable (Ni-Cr link) 


e 14 True/Complement buffered 
inputs 


e 48 programmable AND gates 
e 25 programmable OR gates 


e 2-bit shared State/Output 
Register 


e 4-bit Output Register 
e Transition Complement Array 


e Programmable Asynchronous 
Preset/Output Enable 


e Positive edge-triggered clock 


e Power-on preset to logic ''1" of 
all registers 


e Automatic logic ''HOLD" state 
via S/R flip-flops 


e On-chip Test Array 

© fuax: 13.9MHz 

e Power: 600mW (typ.) 
e TTL compatible 

e Tri-state outputs 

e Single +5V supply 

© 300mil-wide 24-pin DIP 


N = Plastic 


A Package 


Ni hs he hi ho 


A= Plastic Leaded Chip Carrier 


APPLICATIONS 

e Interface protocols 

e Sequence detectors 

e Peripheral controllers 

e Timing generators 

e Sequential circuits 

e Security locking systems 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167 


PIN DESCRIPTION 


NAME AND FUNCTION 


POLARITY 


Active-High 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. 


Logic Inputs: The 13 external inputs to the AND array used to program jump conditions | 
between machine states, as determined by a given logic sequence. 


Active-High/Low 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When Ip is held at +10V, device outputs Fo_3 and 
Po_1 reflect the contents of State Register bits Po_7 (see Diagnostic Output Mode 
diagram). The contents of flip-flops Po; and Fo_3 remain unaltered. 


Active-High/Low 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of 
Output Register bits Qo_3, when enabled. When Ip is held at +10V, Fo.3 = (Po-5). 


Active-High 


Logic/Diagnostic Outputs: Two register bits with shared function as least significant | 
State Register bits, or most significant Output Register bits. When lp is held at + 10V, 


Po_1 = (Pg-7). 


Preset or Output Enable Input: A user programmable function: 

» Preset: Provides an asynchronous preset to logic ''1"’ of all State and Output Register 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Po_41 and 
Fo_3 are High. Normal clocking resumes with the first full clock pulse following a High- 
to-Low clock transition, after Preset goes Low. 


Active-High 


Active-High (H) 


e Output Enable: Provides an Output Enable function to all output buffers. Active-Low (L) 


eet 


LOGIC FUNCTION TRUTH TABLE 123456 
Typical State Transition: OPTION 
a2 Q1 Qo | pr | 
(sn) PRESENT STATE 
STATE REGISTER AeBeCe... 
é-) NEXT STATE a 


SET Qp: Sp = (G,° Q,*Q,) “Ae Bec... 


Ry=9 


L 
L 
L 
b 
L 


RESET Q,: S, = 
Ry = (step meweey, 
HOLD Q,: de po : L 
TBoOg00S H 
: IND. 

VIRGIN STATE ioTeS. 
A factory shipped virgin device contains all 4. positive Logic: 
fusible links intact, such that: S/R=To +1, +Tot... + 147 
1. PR/OE option is set to PR. Thus, all Tn = Clo 14 I2---) (Po P4..-P7) 


nN 


. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user programmable option. 
denotes transition from Low to High level. 
; a S = High is an illegal input condition. 
= H/L/+10V 
. X= Don't Care (<5.5V) 


outputs will be at ''1"', as preset by initial 
power-up procedure. 


2. All transition terms are disabled (0). 
All S/R flip-flop inputs are disabled (0). - 


4. The device can be clocked via a Test 

Array pre-programmed with a standard 
test pattern. 
NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 


oo 
ema 
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Field-Programmable Logic Sequencer (14 < 48 X 6) PLS167 


FPLS LOGIC DIAGRAM 


te oeuiniinenmeamamanbenalt 


(LOGIC TERMS— 1) ————_—____________——» 


iy | 8 | eb eteet tented pee betet ended eet tind tes tert et heat feted beste bet ob berth 

Tritt titi irir, Tel 2 6 Ms ER RO 

y Gpicazascamersssetacarsaremsresasmerarsssaaarsta’ 

ie 0 Chm Ae ARES eR eae 

5 a SB HR SRG HUNG A SN  S  A PECETTTT Tere 

od er tT Tr es CE A SG SE NO a aE HR OE —  _. 

' icc ccasuucssasamectceesmecaacaumucnuunuernmnuons | 1] 18 PR/OE 

ts | 3] Bee nateas Feaontes sucearrieseasreetresSss0Smanrceas 
eee 8 Smee iO SR OL 


‘s Sere: aaa ie oa a ee ee 
ty Clpesseiee IMelttU sen wo GGkoms sane naenenennaneNaeaanee 
ts | El Sas Ga Sapa na TER Gam aUE SER ma ene daamEyERaR BREED EuuBE 
ty El seeeaaacrnecaGiameusdveumiisensusmuslenesmessueas 
iyo 20 | Ct beteteteteepetneetetetetetebe tate tetett 
bey fg COpsstccccsmsvosscemsarsassmaasasreaaarasaamerseza! 


ot 
ee Sueueacsecugesnaueue 
is GE RN a RR aR 


hs 1 cht tt rr ; 
et Pe eee te 
Ugh s 208 se eens asmnsansas nanos asnenesaamEneEE OR 


lo, epee 
Pe dS 
| Gk HO SR SRS EG EH Es GH EA RE A SD EH a ME 


Py 


Po 


Fy 


F, 


Fy 


Fo 


CK 


LD02262S 


NOTES: 
1. All AND gate inputs with a biown link float to a logic "1". 
2. All OR gate inputs with a blown fuse float to logic ''0"’. 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
24-pin Plastic DIP PLS167N 150°C 
| 300mil-wide | 


peal lia peace PLS167A Allowable thermal rise 
P ; ambient to junction 75°C 
ABSOLUTE MAXIMUM RATINGS' 
RATING 


SYMBOL PARAMETER 


Output voltage 


Temperature range 
Operating 
Storage 
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Field-Programmable Logic Sequencer (14 x 48 X 6) PLS167 


DC ELECTRICAL CHARACTERISTICS 0°C <T, <75°C, 4.75V <Voc <5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 
[in| typ? | Max | 

Input voltage® 
Vin High Voc = Max 2 V 
Vit Low Voc = Min 
Vic Clamp* Voc = Min, lin =-12mA -0.8 
Output voitage® 

Voc = Min 
Vou High® lon =-2mA 2.4 V 
VoL Low® lo. = 9.6mMA 


input current 


High 
Low 
Low (CK input) 


Vin = 5.5V ~ 
Vin = 0.45V 
Vin = 0.45V 


Ts) 
hie 


Output current 


Voc = Max 


lO(OFF) Hi-Z state’ Vout = 5.5V 
Vout = 0.45V 
los Short circuit*® Vout = OV 
Voc supply current? 
Capacitance” 
Cin Input 
Cout Output 
NOTES: 


1. Stresses above those listed under "Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. Ali typical values are at Voc = 5V, Ta = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with Vi. applied to OE and a logic high stored, or with Vi applied to PR. 

6. Measured with a programmed logic condition for which the output is at a low logic level, and Vi, applied to PR/OE Output sink current is supplied through a 

resistor to Vcc. 

Measured with Vj; applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 

loc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


oO @N 
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Field-Programmable Logic Sequencer (14 X 48 x 6) PLS167 


AC ELECTRICAL CHARACTERISTICS RA, = 4709, Ro = 1kQ, C. = 30pF, 0°C < Ta <+75°C, 4.75V Pome 5.25V 


| uits | 
isa cui jin | tye" | Max | 


Pulse width® 


Clock? high 25 15 
Clock low 25 15 
Period (without Complement Array) 80 40 
Period (with Complement Array) 120 60 
Preset pulse 25 15 


Input 
Input 
Input 
Input (through Complement Array) 
Input (through Complement Array) 
Input (through Complement Array) 
Power-on preset 

Preset 


Clock Output + 


Output enable Output - 
Output disable Output + 
Preset Output + 
Power-on preset Output + 


NOTES: 

1. All typical values are at Voc = 5V, Ta = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% -90%) < 30ns. 
3. See "Speed vs. OR Loading" diagrams. 
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Field-Programmable Logic Sequencer (14 x 48 X 6) 


TIMING DIAGRAMS 


+3V 


ov 
WF05353S 


Sequential Mode 


Asynchronous Preset 


+5V 
Voc i ~ OV 
tppr 
A We 4.5V (F,)=1 15V%  (F,= 1) 
Fo_9/Po.1 chipeas Yous mm Vor 
tcKxo 
toxp - 
1.5V 4 1.5V fF 1.5v : 
CLK | oxi ov 
tvs | 
, +3V 
lov ov 


WF05403S 


Power-On Preset 
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PLS167 


TIMING DEFINITIONS 


tCKH 
toKL 
tcKP1 


tys 


tprs 


tH 


tcKo 


toe 


top 


tsRE 


tsRD 


ter 


tppR 


tpRH 
fmax 


Width of input clock pulse. 
Interval between clock pulses. 
Clock period—when not using 
Complement array. 

Required delay between beginning 
of valid input and positive transition 
of clock. 

Clock period —- when using comple- 
ment array. 

Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND array). 
Required delay between Vcc (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
Input data. 

Delay between positive transition of 
clock and when Outputs become 
valid (with PR/OE low). 

Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input Ip transition to 
Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 

Delay between input Ip transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and wiien Outputs become 
valid at "1". 

Delay between Vcc (after power- 
on) and when Outputs become pre- 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 
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Field-Programmable Logic Sequencer (14 < 48 X 6) PLS167 


TIMING DIAGRAMS (Continued) 


STATE REG. 


t sap 


WF05381S 


Diagnostic Output Mode 


VOLTAGE WAVEFORM 


(INCLUDES SCOPE 
AND JIG 
CAPACITANCE) 


TCO1580S 
WF05390S 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TC01571S 
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Field-Programmable Logic Sequencer (14 < 48 x 6) PLS167 


SPEED VS. "OR" LOADING 


The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by: 


(1/fmax) = tcy = tis + tcxo 


This frequency depends on the number of 
transition terms T, used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tis, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1, showing the variation of tig; with 
the number of terms connected per OR. 


The AC electrical characteristics contain 
three limits for the parameters tis; and tiso. 
The first, tis;q is guaranteed for a device 
with 48 terms connected to any OR line. 
tisip is guaranteed for a device with 32 
terms connected to any OR line. And tisic 
is guaranteed for a device with 24 terms 
connected to any OR line. 


November 14, 1986 


TERMS CONNECTED/OR 
OP01261S 


Figure 1. tis; vs. Terms/OR 
Connected 


The Three other entries in the AC table, tjso 
A, B, and C are corresponding 48, 32, and 
24 term limits when using the on-chip 
Complement Array. 


The worst case tis for a given application 
can be determined by identifying the OR 
line with the maximum number of T, con- 
nections. This can be done by referring to 


5-29 


the interconnect pattern in the FPLS logic 
diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H'' 
or ''L" entries in one of the columns of the 
device Program Table. 


This number plotted on the curve in Figure 
1 will yield the worst case tis and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 


(4) 


TERMS/OR (2) one 


USED 
AFO1810S 


Figure 2. Typical OR Array 
Interconnect Pattern 
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Field-Programmable Logic Sequencer (14 < 48 < 6) PLS167 


LOGIC PROGRAMMING PRESET/OE OPTION - (P/E) 


The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program = 
Table on the following page. 


. | OPTION | CODE | 
In this table, the logic state or action of | — ser 


control variables C, |, P, N, and F, associated Cae 

with each Transition Term Ty, is assigned a - PROGRAMMING: 

symbol which results in the proper fusing The PLS167 has a power-up preset feature. This feature insures that the device will power-up in a known 

pattern of corresponding links, defined as state with all register elements (state and output register) at a logic High (H). When programming the device it 

follows: is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 


LS01810S 


"AND" ARRAY - (1), (P) 


fn 
LS01850S 


STATE | CODE | Ib STATE 
INACTIVE’? =| O | DON'T CARE 


ci Ooch dea lb) dl 


LSo1880S 1S01870S 


| ACTION ACTION ACTION | CODE | ACTION 
INACTIVE"? Oo SET RESET fe a he NO CHANGE 


¢ 
Th 


1.$01930S LS01920S 


ACTION CODE ACTION | CODE | ACTION | CODE | ACTION 
|} iNacTive’** | OF | GENERATE | A | PROPAGATE | @ | TRANSPARENT 


NOTES: 
This is the initial unprogrammed state of all links. 

Any gate T, will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 

To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see flip-flop truth tables). 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 


PoOn= 
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Field-Programmable Logic Sequencer (14 < 48 x 6) PLS167 


FPLS PROGRAM TABLE PROGRAM TABLE ENTRIES 


OR 


CUSTOMER NAME 
PURCHASE ORDER # 
SIGNETICS DEVICE # CF (XXXX) 
CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 
REV 


OPTION 


ols|i7/6 0 
| 0 | Ff | F Ff f | FT] TT | F | {| f fF 


CEA OER a aR a KR PR = as a Ee FE Se Ge oS eee a (ae a on oo 
GREE a Ga (ee ea RA Ral AS ae) CTD RE GS Dn Pea: ES 
SE | a RS RS ae ER De GN SET Ee RE GR GT A SNe aa a A laa es 
ORT GE CI a RE SL Ha SI RS GRA ee Le CS ener) RN He PT 
113 tt ll GRE BEE RE OE Re Re ee ee ee i es es 
OO A A a A eee ee ee 
ip | ft tt lg eae Ee Ree ee ee ee ee ee ee 
Ng ae i ee eg ed 
a ar eg 
ee): ae ee GR a a ee = a 2 el Be ae A Es ee ee ES ee 
SEE RS a a. Ge ees ee ee ee es es 
Se Ot Oe eee ee se ee Oe AS ee 
a 2 ie ee 2 GE Ge GR Ae Sa HS eee sD 

3 OS) SN Sa SE ST Ss ee es ee a GE ae ee 
ae | tt ll an ee A a eG ee Oe ee 
eae a CARS Ra A a A SO a ES a ee ee 

2 ee 2 BE Ee ee ee ee ee eR ft tf nt ae ae reel ee, 
eSNG RS RS CN A SA NA AR, BS Rea ER TH De] er PS: A He Ee 

| ae) SY GR AE a ay a CD ee A Ee ee es 
i SE SS SE FF NC Se Fe en aE Ge ai Se A DS 

oe ee SR SS I ee ee ee Lt} at ee a ee 
OE ee eee ee = CELE SE RE a a TE) a ee 
re eS eS i ee a Oe ee ee ee ee ee eet fle tl = i i 
2 ae ae Rs se a a se ES ee se 
OB | 2 AR Se Sa“ DS a Ee eS ee a ee 


T801622S 
NOTES: 
1. The FPLS is shipped with all links initially intact. Thus, a background of 0" for ali Terms, and an "'H" for the P/E option, exits in the table, shown BLANK instead for clarity. 
2. Unused C,, Im, and P, bits are normally programmed Don't Care (—). 
3. Unused Transition Terms can be left for future code modification or programmed as (—) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167 


TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 6 


The array consists of test transition terms 48 
and 49, factory programmed as shown below. 


(1, + F,)/F., 


(1: F/F,, 
Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to (255) 
lo.14g as shown in the test circuit timing dia- es (i, + F,)/F, 


gram. 
AFO1821S 


State Diagram 


TC01592S 


| FPLS Under Test 


——orron ee) SSdi 


PRESENT STATE (Ps) NEXT STATE (Ns) 


BORE 
mieten eee 
OOCIICIC 


TB01600S 


Test Array Program 


Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 


<= (oa~a om HIGH 


WF05375S 


Test Circuit Timing Diagram 


orion rey] 


PRESENT STATE (Ps) 
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® Series 24 


DESCRIPTION enable function, as an additional user PIN CONFIGURATIONS 


The PLS167A is a bipolar, programma- programmable option. 
ble state machine of the Mealy type. The 
Field-Programmable Logic Sequencer Order codes are contained on the pages 
(FPLS) contains logic AND-OR gate ar- following. 

rays with user programmable connec- FEATURES 

tions which control the inputs of on-chip e 2 

State and Output Registers. These con- : pees bi asta hee ee ae 
sist respectively of 8 Qo, and 4 Q; edge- EUS; VOMproMent PUOre 
triggered, clocked S/R flip-flops, with an inputs 

Asynchronous Preset Option. e 48 programmable AND gates 


All flip-flops are unconditionally preset to ° 25 Programmable OR gates 
"4" during power turn-on. e 8-bit State Register 


The AND array combines 14 external ° 2-bit shared State/Output 
inputs, Io.13, with 8 internal inputs, Po.7,  Pegister 

fed back from the State Register to form © 4-bit Output Register 

up to 48 transition terms (AND terms). In © Transition Complement Array 
addition, Po and P, of the internal State © Programmable Asynchronous 
Register are brought off-chip to allow Preset/Output Enable 
extending the Output Register to 6 bits, if » positive edge-triggered clock 


eocoeelee: e Power-on preset to logic ''1'' of 
All transition terms can include True, all registers 

False, or Don't Care states of the con- automatic logic "HOLD" state 
trolling variables, and are merged in the via S/R flip-flops 

OR array to issue next-state and next- 

output commands to their respective ° On-chip Test Array 

registers on the Low-to-High transition of © fwax: 20MHz 


the Clock pulse. e Power: 600mW (typ.) 


Both True and Complement transition © TTL compatible 

terms can be generated by optional use__e Tri-state outputs 

of the internal variable (C) from the + 

Complement Array. Also, if desired, the single +5¥ supply 
Preset input can be converted to output- © 300mil-wide 24-pin DIP 


N Package 


FUNCTIONAL DIAGRAM 


NIC ls ho hy ho bb NIC 


A= Plastic Leaded Chip Carrier 


APPLICATIONS 

e Interface protocols 

e Sequence detectors 

e Peripheral controllers 

e Timing generators 

e Sequential circuits 

© Security locking systems 
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Field-Programmable Logic Sequencer (14 < 48 x 6) PLS4167A 


PIN DESCRIPTION 


| PIN NO. | SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A low-to-high transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 13 external inputs to the AND array used to program jump conditions| Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when|  Active-High/Low 
exercised with standard TTL levels. When lp is held at + 10V, device outputs Fo_3 and 
Po_; reflect the contents of state register bits Po_7 (see Diagnostic Output Mode 
diagram). The contents of flip-flops Po_1 and Fo_3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active-High 
Output Register bits Qo_3, when enabled. When Ip is held at +10V, Fo_3 = (Po_s). 


Logic/Diagnostic Outputs: Two register bits with shared function as least significant Active-High 
State Register bits, or most significant Output Register bits. When |g is held at + 10V, 
Po_1 = (Pe-7). 


Preset or Output Enable Input: A user programmable function: 
e Preset: Provides an Asynchronous Preset to logic ''1'' of all State and Output Register Active High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Pp_, and 
Fo 3 are High. Normal clocking resumes with the first full clock pulse following a High- 
to-Low clock transition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers. Active-Low (L) 


LOGIC FUNCTION TRUTH TABLE? 2 3 4 5 6 


Typical State Transition: 


OPTION 


CK 
Q2 Qi QO 
(Sn) PRESENT STATE sis ioetbditans 
53 X X 
STATE REGISTER | AeBeCe... Xx X 
G.-) NEXT STATE . X 4 
SET Qg: Sy = (O,4Q,°0,) 9AeBeC... H Xx Xx 
seeks L X X 
: L X X 
RESET Q,: S,=0_ eae aS i 
R,=(Q,°Q,¢Q)) Ae Bec... L t L 
HOLD Q,: 32 e L t H 
, 1009008 L t L 
te t H 
X X X 
VIRGIN STATE Sore 
A factory shipped virgin device contains all 4. positive Logic: 
fusible links intact, such that: S/R=To + Ty + Tot... + T47 
1. PR/OE option is set to PR. Thus, all Tn = Clo 14 Ie...) (Po P4...P7) 


i) 


. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user programmabie option. 
denotes transition from Low-to-High level. 
. R=S=High is an illegal input condition. 
* = H/L/+10V 
. X=Don't care (< 5.5V) 


outputs will be at ''1"', as preset by initial 
power-up procedure. . 
2. All transition terms are disabled (0). 
All S/R flip-flop inputs are disabled (0). 
4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 
NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 


o 
Ons Ww 
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FPLS LOGIC DIAGRAM 


(LOGIC TERMS—1) ——————————___________—_s 
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OPTION 


| +6 | PR/OE 
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| AND gate inputs with a blown link float to a logic 4" 
Bod gate inputs with a blown link float to a logic "0". 
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ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE — 


24-pin Plastic DIP 
300mil-wide PLS167AN 


TEMPERATURE 


28-pin Plastic Leaded PLS167AA 
Chip Carrier 


ABSOLUTE MAXIMUM RATINGS' 


SYMBOL PARAMETER 


Voc Supply voltage 
VIN Input voltage 
Output voitage 


Input currents 
Output currents 


Temperature range 
Operating 
Storage 
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DC ELECTRICAL CHARACTERISTICS 0°C <T, <75°C, 4.75V <Voco <5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS min | Typ? | UNIT 
ne? [ wr | 


Input voltage” 
Voc = Max 
Voc = Min - 
Voc = Min, lin = -12mMA 


Output voitage® 


Voc = Min 
lon = -~2mA 
lo. = 9.6mA 


Vin = 5.5V 
Vin = 0.45V 
Low (CK input) Vin = 0.45V 


Output current 


Voc = Max 
lo(orrF) HiZ state’ Wout mee 
OUT 
Short circuit*® Vout = OV 


ee ee ee 


Capacitance’ 
Voc = 5.0V 
Vin = 2.0V pF 
Vout = 2.0V 
NOTES: 


1. Stresses above those listed under ‘Absolute Maximum Ratings'’ may cause malfunction or permanent damage to the device. This is a stress rating 
only. Functional operation at these or any other condition above those indicated in the operational and programming al of the device is 
not implied. 

. All typical values are at Voc = 5V. Ta = + 25°C. 

. All voltage values are with respect to network ground terminal. 

. Test one at a time. 

. Measured with Vi, applied to OE and a logic high stored, or with Viz applied to PR. 

. Measured with a programmed logic condition for which the output is at a low logic level, and V\_ applied to PR/OE Output sink current is supplied 
through a resistor to Vcc. 

7. Measured with Vi applied to PR/OE. 

8. Duration of short circuit should not exceed 1 second. 

9. Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. ‘ 


Ont wd PY 
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AC ELECTRICAL CHARACTERISTICS R, = 4702, Ro = 1kQ, C, = 30pF, 0°C <Ta <+75°C, 4.75V < Voc <5.25V 


; LIMITS 
SYMBOL | PARAMETER TO Twin | typ | Max | UNIT 


Pulse width® 


Clock? high 

Clock low 

Period (without Complement Array) 
Period (with Complement Array) 
Preset pulse 


Setup time® 


Input 

Input 

Input (through Complement Array) 
Input (through Complement Array) 
Power-on preset 

Preset 


Hold time 


a ee ee 
a 
|_Propagation delay 


Propagation delay 


Clock Output + 
Output enable Output - 
Output disable Output + 
Preset Output + 
Power-on preset Output + 


Frequency of operation® 


fmMaxB Without Complement Array 
fmaxB With Complement Array 


NOTES: 

1. All typical values are at Voc = 5V, Ta = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% -90%) <= 30ns. 
3. See "Speed vs. OR Loading" diagrams. 
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PLS167A 


TIMING DIAGRAMS 


Sequential Mode 


Asynchronous Preset 


ss \\\) ay 


1sv F 


ae am De ee 
“ ame peo 
> tys 


+3V 


ov 


WF05363S 


Power-On Preset 
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TIMING DEFINITIONS 


tcKH 

tcKL 

tcKP1 
tist 


tcxp2 


tise 


tvs 


tprs 


tsrD 


tpR 


tppR 


tpRH 
fMAx 


Width of input clock pulse. 
Interval between clock pulses. 
Clock period-when not using 
Complement array. 

Required delay between beginning 
of valid input and positive transition 
of clock. 

Clock period —- when using comple- 
ment array. 

Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND array). 
Required delay between Vcc (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
Input data. 

Delay between positive transition of 
clock and when Outputs become 
valid (with PR/OE Low). 

Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input Io transition to 
Diagnostic mode and when the 
Outputs refiect the contents of the 
State Register. 

Delay between input Ip transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 

Delay between Vcc (after power- 
on) and when Outputs become pre- 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 
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TIMING DIAGRAMS (Continued) 


+3V 
CLK OV 
INTERNAL Sj O° oo oe me pm ew ype a we om ee oe wm om pam ae om ow om eee Von 
STATE REG. 
'sro 
Vox 
Mm 15V ((F, + 1). 
OUTPUT V, 
PF OL 
CE = ov 


WF05381S 


Diagnostic Output Mode 


VOLTAGE WAVEFORM 


(INCLUDES SCOPE 
AND JIG 
CAPACITANCE) 
10015808 
MEASUREMENTS: 


All circuit delays are measured at the + 1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TC01571S 
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SPEED VS. ''OR' LOADING 


The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by: 


(1/fmax) = tcy = tis + tcxo 


This frequency depends on the number of 
transition terms T, used. Having ail 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tis, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1, showing the variation of tis; with 
the number of terms connected per OR. 


The AC electrical characteristics contain 
two limits for the parameters tig; and tiso. 
The first, tis,a is guaranteed for a device 
with 24 terms connected to any OR line. 
tisig is guaranteed for a device with 16 
terms connected to any OR line. 


November 14, 1986 


TERMS CONNECTED/OR 


OP01251S 


Figure 1. tis; vs. 
Terms/OR Connected 


The three other entries in the AC table, tise 
A and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 


The worst case of tis for a given application 
can be determined by identifying the OR 
line with the maximum number of T, con- 
nections. This can be done by referring to 
the interconnect pattern in the FPLS logic 


5-A1 


diagram, typically illustrated in Figure 2, or 
by counting the maximum number of 'H'"' 
or''L" entries in one of the columns of the 
device Program Table. 


This number plotted on the curve in Figure 
1 will yield the worst case tis and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 


TRANSITION TERMS 7, 


AFO18105 


Figure 2. Typical OR Array 
Interconnect Pattern | 
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LOGIC PROGRAMMING PRESET/OE OPTION - (P/E) 


The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program » “SS = 
Tabie on the following page. 


LS01810S LS01820S 
; OPTION CODE OPTION | CODE | 
in this tabie, the logic state or action of DRESET! = 


control variables C, |, P, N, and F, associated 

with each Transition Term Ty, is assigned @ PROGRAMMING: 

symboi which results in the proper fusing The PLS167A has a power-up preset feature. This feature insures that the device will power-up in a known 

pattern of corresponding link pairs, defined as _ state with all register elements (state and output register) at a logic High (H). When programming the device it 

follows: is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 


"AND" ARRAY - (I), (P) 


n 


Lso1850S LSo01830S 
STATE CODE | STATE CODE STATE | 
[wacrve™™ [0 _| hho oe DON'T CARE 


"OR" ARRAY ~(N), (F) 


LSO1900S LS01870S 


[—nerion [cone] CODE ACTION | GODE | [—nerion | cone] 


LS01930S Lso1940S LS01910S LS01920S 
ACTION CODE | ACTION | CODE | ACTION _| CODE ACTION | CODE | 
mactve™ [| o | | [Generate | a | PROPAGATE | ¢ TRANSPARENT | - | 
NOTES: 


1. This is the initial unprogrammed state of all links. 

2. Any gate T,, will be unconditionally inhibited if both the true and the complement of any input (I, P) are left intact. . 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 
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PROGRAM TABLE ENTRIES 


FPLS PROGRAM TABLE 


fpr cee we 002 em am coe 0 ere cee ere fee com own nem rm om mt amen cerned 


LARP Ba 


OR 


$ 
ier eahend eh rt lana ee ego saat ame vee sone aw orn nan aul eee 


coalrccaes! tee Camia an aaa ccna 


CUSTOMER NAME 
PURCHASE ORDER # 


CF (XXXX) 


SIGNETICS DEVICE # 


3 
# |2 


1 OUTPUT (Fr) 


[ts SE EEE ES 


SHH EET eer ee Cee EEE 
MPT TT TTT TTT TT 
Se eee 
ree CT 
fi 


OPTION 


free oe me ee ee oe oe ome Ne ED FOR Nm QE sHED aRTS cnt ce ee ern] 


NEXT STATE an : 


~ REMARKS 


le REPUTE 
ECE ES EET EEE St CE CEE EEE: 
ETT EE 


SOUUAMOROHUSOGMMEROOHUUNGEBUOIUGENOGMUREOOHUGNE 


Mol TTT TTT TTT 
elt 
(ERR R RGR GREE RRR ERARR RRR RARER RRR RRaee 


to HEE ELE EE eT f= 


PRESENT STATE (Ps) 


AND 


EEE Ha 


TBO16228 


1. The FPLS is shipped with ail links initially intact. Thus, a background of ''0"' for all Terms, and an ''H" for P/E option, exists in the table, shown BLANK instead for 


NOTES: 


clarity. 
2. Unused Cy, Im, and Ps bits are normally programmed Don't Care (-). 


3. Unused Transition Terms can be left blank for future code modification or programmed as (-) for maximum speed. 


4. Letters in variable fields are used as identifiers by logic programmers. 
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TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 


on-chip test array. oY 


The array consists of test transition terms 48 
and 49, factory programmed as shown below. 


(I, + F,)/F, 


(1, ° FF, (1: F,)/F, 
Testing is accomplished by clocking the FPLS 

and applying the proper input sequence to (255) 

lo-13 aS shown in the test circuit timing dia- o) (i, + F,)/F, 


gram. AFO1821S 


State Diagram 


TC01592S 


FPLS Under Test 


OPTION (PE) 
ee. aaa 


ea ee eM ee ee 
sh; INPUT (im) ! PRESENT STATE (Ps) 
sjz2{1folols[7[e[s]4]3]2]1]ol7l6]s]4]3]2]1]Jo 
HIWIHIWI HAIMA 

pepe pepe epee feet efe fee fe fee pele : 


TB01600S 


Test Array Program 


+5V 


ov 


Vin 
CK 
Both terms 48 and 49 must be deleted during Vie 
user programming to avoid interfering with the 
desired logic function. This is accomplished Vin 
automatically by any of Signetics' qualified lots Vi 
programming equipment. 
3V 
Fog 
ov 
STATE Se ot , se men 
REGISTER Nok eee tet eZ Ara 


WF05375S 


Test Circuit Timing Diagram 


| ia OPTION (P/E) | 


PRESENT STATE (Ps) 


NEXT STATE (Ns) OUTPUT (Fr) 


, 140 


TB01610S 


Test Array Deleted 
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DESCRIPTION 


The PLS168 is a bipolar, programmable 
state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec- 
tively of 10 Qp, and 4 Q; edge-triggered, 
clocked S/R flip-flops, with an Asyn- 
chronous Preset option. 


All flip-flops are unconditionally preset to 
"1"' during power turn-on. 


The AND array combines 12 external 
inputs, lp9.44, with 10 internal inputs, Po-9, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, Po-P3 of the internal State Reg- 
ister are brought off-chip to allow ex- 
tending the Output Register to 8 bits, if 
so desired. : 


All transition terms can include True, 


False, or Don't Care states of the con- 
trolling variables, and are merged in the 
OR array to issue next-state and next- 
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 


Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to output- 


FUNCTIONAL DIAGRAM 
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PLS168 


Field-Programmable Logic 
Sequencer (12 < 48 x 8) 


Signetics Programmable Logic 
Product Specification 


PIN CONFIGURATIONS 
N Package 


enable function, as an additional user 
programmable option. 


Order codes for this device are con- 

tained on the pages following. 

FEATURES 

e Field-Programmable (Ni-Cr link) 

e 12 True/Complement buffered 
inputs 

e 48 programmable AND gates 

e 29 programmabie OR gates 

e 10-bit State Register 


e 4-bit shared State/Output 
Register 


e 4-bit Output Register 
e Transition Complement Array 


e Programmable Asynchronous 
Preset/Output Enable 


e Positive edge-triggered clock 


e Power-on preset to logic ''1"' of 
all registers 


e Automatic logic ''HOLD"' state 
via S/R flip-flops 


e On-chip Test Array 

© fuax: 13.9MHz 

e Power: 600mW (typ.) 
e TTL compatible 

e Tri-state outputs 

e Single +5V supply 

© 300mil-wide 24-pin DIP 


CD03281S 
N = Plastic 


A Package 


N/C PRIOE 143, tho lg” tg) NIC 


A= Plastic Leaded Chip Carrier 


APPLICATIONS 

e Interface protocols 

e Sequence detectors 

e Peripheral controllers 

e Timing generators 

e Sequential circuits 

e Elevator controllers 

e Security locking systems 
e Counters 

e Shift registers 
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NAME AND FUNCTION 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition 
on this line is necessary to update the contents of both registers. 


Logic Inputs: The 11 external inputs to the AND array used to program jump 
conditions between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, 
when exercised with standard TTL levels. When Ip is held at +10V, device outputs 
Fo_3 and Po_g reflect the contents of State Register bits P49 (see Diagnostic 
Output Mode diagram). The contents of flip-flops Pop; and Fo_3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents 
of State Register bits Po_3. When Ip is held at + 10V these pins reflect (Pg — Po). 


Logic/Diagnostic Outputs: Two register bits (Fo 
Register bits (Q2-Qg3). When Ip is held at +10V these pins reflect (P4— Ps). 


Preset or Output Enabie input: A user programmable function: 

e Preset: Provides an Asynchronous Preset to logic ''1"' of all State and Output 
Register bits. Preset overrides Clock, and when held high, clocking is inhibited 
and Pp_9 and Fg_3 are high. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after Preset goes low. 


Output Enable: Provides an Output Enable. function to all output buffers. 
Q,. When Ip 


Logic Output: Two device outputs which reflect Output Registers Qo -— 


-F3) which normally reflect Output | 


POLARITY 
Active-High 


Active-High/Low 


Active-High/Low 


Active-High 


Active-High 


Active-High (H) 


Active-Low (L) 


Typical State Transition: 


Q2_ai_ ao 


Oo} 4 0 S.) PRESENT STATE 


STATE REGISTER 


SET Qo: Sy = (Gp* Q,* Oy) Ae Bec... 


S,.;) NEXT STATE 


Ry = 0 
RESET Q,: se 
Ry = PE 0.8 Gycnaee: 


HOLD Q,: S.= 
Ry = 0 
TBOUS00S 


VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 


i 


2. 
3. 
4. 


PR/OE option is set to PR. Thus, all 
outputs will be at ''1'', as preset by initial 
power-up procedure. 

All transition terms are disabied (0). 
All S/R flip-flop inputs are disabled (0). 
The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 
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is held at +10V Fo- 


F, = Logic "1". 


OPTION 


< 
‘?] 
i?) 
o 
2) 
A 
n 
wa 


xX x 
x X 
x x 
x X 

+5V x xX 
x xX 
t L 
t H 
t L 
T H 

<> x 

NOTES: 


1. Positive Logic: 
S/R = To + 11+ Tot... + 147 
Th= Cilo FF lo...) (Po P3...P9) 
. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user programmable option. 
. 1 denotes transition from Low to High level. 
. R=S= High is an illegal input condition. 
* = H/L/+ 10V 
. X=Don't care (<5.5V) 


aw) 


On w 
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FPLS LOGIC DIAGRAM 


(LOGIC TEAMS—1) ————__——_____--—___~-—--—-@ 
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P, 2c rE a ore 
z peseneamanecues @esnancsmaneeasumannaaiemeacada 


: pani SHi arian iieiitioe 
S1EC USE AGELLEL ERAGE ARETE EIALEE 


El 
is | - ae i 
STS Feel mil qlee 
a ESUIEBGGE uiaeee te] 
SER LETEEE at 
Te 
cee Ha} 
: PEE 


NOTES: 
1. All programmed "AND" gate locations are pulled to logic ''1". 
2. All programmed "OR" gate locations are pulled to logic "0". 
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Fieid-Programmable Logic Sequencer (12 < 48 xX 8) PLS168 


ORDERING INFORMATION THERMAL RATING 


DESCRIPTION ORDER CODE TEMPERATURE 


Allowable thermal rise 
ambient to junction 


PLS168N 


28-pin Plastic Leaded 
Chip Carrier 


PLS168A 


ABSOLUTE MAXIMUM RATINGS' 


rN AAA RENT EO NR PEP 


SYMBOL PARAMETER 


RATING 
Max 


Supply voltage 


input voltage 


Output voltage 


Input currents 


O©utput currents 


Temperature range 
Operating 
Storage 
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DC ELECTRICAL CHARACTERISTICS 0°C <T, <75°C, 4.75V < Voc <5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS Twin | Typ? | UNIT 
Typ? | Max | 


input voltage® 
Voc = Max 
Voc = Min 
Voc = Min, liy =-12mA 


Output voitage® 


Voc = Min 
lon = -2mMA 
lo. = 9.6mA 


Vin = 5.5V 
Vin = 0.45V 
Vin = 0.45V 


Voc = Max 
Hi-Z state” Vout = 5.5V 
Vout = 0.45V 

Short circuit® Vout = OV 


a 


Cin 
Cout 


NOTES: 

1. Stresses above those listed under "'Absolute Maximum Ratings'’ may cause malfunction or permanent damage to the device. This is a stress rating 
only. Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not 
implied. 

. All typical values are at Voc = 5V, Ta = + 25°C. 

. All voltage values are with respect to network ground terminal. 

. Test one at a time. 

. Measured with Vi, applied to CE and a logic high stored, or with Vi applied to PR. 

. Measured with a programmed logic condition for which the output is at a low logic level, and Vi, applied to PR/OE Output sink current is supplied 
through a resistor to Vcc. 

7. Measured with V4 applied to PR/OE. 

8. Duration of short circuit should not exceed 1 second. 

9. Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


Oanah © 
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Field-Programmable Logic Sequencer (12 < 48 X 8) PLS168 


AC ELECTRICAL CHARACTERISTICS R, = 470Q, Ro = 1kQ, CL = 30pF, 0°C <T, <+75°C, 4.75V < Voc <5.25V 


| | LIMITS | 
SYMBOL PARAMETER TO FROM — UNIT 


Pulse width? 


Clock? high 
Clock low 
Period (without Complement Array) 
Period (with Complement Array) 
Preset pulse 


Setup time® 


tisiA Input 

tig1B Input 

tigi Input 

tisoA Input (through Complement Array) 
tisoB Input (through Complement Array) 
tigoC Input (through Complement Array) 
tys Power-on preset 


ters Preset 


Hold time 
a 
Propagation delay 
Clock 


Output + 


Output enable Output — 
Output disable Output + 
Preset Output + 


Power-on preset Output + 


Frequency of operation® 


fuaxC Without Complement Array 13.9 | 
fuaxC With Complement Array | 9.8 


NOTES: 

1. All typical values are at Voc = 5V, Ta = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% -90%) < 30ns. 
3. See "Speed vs. OR Loading" diagrams. 
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Field-Programmable Logic Sequencer (12 < 48 x 8) 


TIMING DIAGRAMS 


[toe 


Sequential Mode 


Asynchronous Preset 


Voc ov 


Fo9/Pos KKK WY sv 


a> «> em a a ae Von 


18v # 


CLK 2@@ SH=Sses=s7] tox 
tvs 


Power-On Preset 
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TIMING DEFINITIONS 


tckKH 

toKL 

tcKP1 
tis1 


tcxp2 


tise 


tvs 


ters 


tit 


tcxo 


tsrD 


ter 


tppR 


tpRH 
fax 


Width of input clock pulse. 
Interval between clock pulses. 
Clock period-when not using 
Complement array. 

Required delay between beginning 
of valid input and positive transition 
of clock. 

Clock period - when using comple- 
ment array. 

Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND array). 
Required delay between Vcc (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
input data. 

Delay between positive transition of 
clock and when Outputs become 
valid (with PR/OE Low). 

Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input Ip transition to 
Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 

Delay between input Ip transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and when Outputs become 
valid ''1". 

Delay between Vcc (after power- 
on) and when Outputs become pre- 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 
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TIMING DIAGRAMS (Continued) 


INTERNAL Sj oO om me ww Pp rw Oe wm ee ow ew we we owe oe we awww 
STATE REG. 


Von 
easy (F,+1) 


Vou 


Diagnostic Mode 


VOLTAGE WAVEFORM 


C, 


I 


(INCLUDES SCOPE 
AND JIG 
CAPACITANCE) 
TC01580S 


MEASUREMENTS: 
Alt circuit delays are measured at the +1.5V level 
of inputs and output, unless otherwise specified. 


70015708 


input Pulses 
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Field-Programmable Logic Sequencer (12 X< 48 x 8) PLS168 


SPEED VS. ''OR'’' LOADING 


The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by: 


(1/fmax) = tcy = tis + tcxo 


This frequency depends on the number of 
transition terms T, used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tis, due to capacitive loading. 


The effect of this loading can be seen in 
Figure 1, showing the variation of tis; with 
the number of terms connected per OR. 


The AC electrical characteristics contain 
three limits for the parameters tis; and tiso. 
The first, tig1q4 is guaranteed for a device 
with 48 terms connected to any OR line. 
tisig is guaranteed for a device with 32 
terms connected to any OR line. And tisic 
is guaranteed for a device with 24 terms 
connected to any OR line. 


November 14, 1986 


TERMS CONNECTED/OR 
OP01261S 
Figure 1. tis; vs. 
Terms/OR Connected 


The three other entries in the AC table, tiso 
A, B and C are corresponding 48, 32 and 
24 term limits when using the on-chip 
Complement Array. 


The worst case of tis for a given application 


can be determined by identifying the OR | 


line with the maximum number of T, con- 
nections. This can be done by referring to 
the interconnect pattern in the FPLS logic 


5-53 


diagram, typically illustrated in Figure 2, or 
by counting the maximum number of ''H" 
or ''L'' entries in one of the columns of the 
device Program Table. 


This number plotted on the curve in Figure 
1 will yield the worst case tig and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 


(4) 


TERMS/OR (2) 


AFO1810S 


Figure 2. Typical OR Array 
Interconnect Pattern 
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PLS168 


LOGIC PROGRAMMING 
The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 


in this table, the logic state or action of 
control variables C, |, P, N, and F, associated 
with each Transition Term Ty, is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links defined as 
follows: 


"AND" ARRAY - (I), (P) 


[ACTION 
INACTIVE??? 


1S01930S 


| INACTIVE'4 co) 
NOTES: 


ACTION 


GENERATE 


PRESET/OE OPTION - (P/E) 


LS01820S 


PROGRAMMING: 


The PLS168 has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use ali Highs (H) as the present state. 


PRESET! 


ip 
uP = 
ip 
Th 
LS01840S 


[State | CODE, 
DON'T CARE | - | 


LS01870S 


[—AcTION | CODE 


[_—neTion | cove _ 
preset | it _| 


. ¢c 
c 
Th 


LS01920S 


[—nerion | cone] 
Transparent [ - | 


Th 


LS01910S 


[—acrion [C00 ] 
[PaopacaTe | «| 


1. This is the initial unprogrammed state of all links. 

Any gate T, will be unconditionally inhibited if both the true and complement of any input (I or P) are left intact. 
To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see flip-flop truth tables). © 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 


Pop 
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FPLS PROGRAM TABLE PLS168 


CUSTOMER NAME 
PURCHASE ORDER® 

SIGNETICS DEVICE # SEX) 
CUSTOMER SYMBOLIZED PART # 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE # 


{ fey eye 
——— oo 


jmactia oe | i OPTION 
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TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 


on-chip test array. 6 


The array consists of test transition terms 48 
and 49, factory programmed as shown below. 


(tn * FaV/Fa 


(1, ° F,)/F, (1-F,/F, 
Testing is accomplished by clocking the FPLS 

and applying the proper input sequence to (1022) 

lo-114 as shown in the test circuit timing dia- Ye) (i, + F,./F, 


gram. 
AF01820S 


State Diagram 


TC01593S 


FPLS Under Test 


aes or = 


PRESENT STATE (Ps) 
: INPUT(Im) (Px) 
m HBoo 


, BORO PERO RODEO BOE Eee OUR eee eee 
EOE OONMICH ONTO AMO CHIC CTC) a Aaa 
oe eS es ee OCH ICE Ceca 


Dm 


Test Array Program 


+5V 
4.75V 


Voc 
ov 
: V, 
Both terms 48 and 49 must be deleted during CK m 
user programming to avoid interfering with the Yu 
desired logic function. This is accomplished 
automatically by any of Signetics’ qualified Vin 
programming equipment. tot ‘i 
3v 
Fo.3 1.5V 1.5V 1.5V 
ov 
STATE meee. * f™ma~m HIGH 


Test Circuit Timing Diagram 


, De ON or ee 
PRESENT STATE (Ps) REMARKS 
Hl (Px) 
BO BOER BBR Pee ee PORE Bee eeeo 


EN CHC CCRC CNY) CO TD 
oe fe ee pele fe eee fe eee lef efe pele elelefe fp PEEEEEEREE Seae 


Test Array Deleted 
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DESCRIPTION 


The PLS168A is a bipolar, programma- 
ble state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec- 
tively of 10 Qp, and 4 Qs edge-triggered, 
clocked S/R flip-flops, with an Asyn- 
chronous Preset option. 


All flip-flops are unconditionally preset to 
"1'" during power turn-on. 


The AND array combines 12 external 
inputs, Io.44, with 10 internal inputs, Po.9, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, Po-P3 of the internal State Reg- 
ister are brought off-chip to allow ex- 
tending the Output Register to 8 bits, if 
so desired. 


All transition terms can include True, 
False, or Don't Care states of the con- 
trolling variables, and are merged in the 
‘OR array to issue next-state and next- 
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 


Both True and Complement transition — 


terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to output- 


FUNCTIONAL DIAGRAM 
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Field-Programmable Logic 
Sequencer (12 < 48 x 8) 


Signetics Programmable Logic 


Product Specification 


enabie function, as an additional user 


programmable option. 


Order codes for this device are con- 
tained on the pages following. 


FEATURES 

e Field-Programmable (Ni-Cr link) 

e 12 True/Compiement buffered 
inputs 

e 48 programmable AND gates 

e@ 29 programmable OR gates 


-@ 10-bit State Register 


e 4-bit shared State/Output 
Register 


e 4-bit Output Register 
e Transition Complement Array 


e Programmable Asynchronous 
Preset/Output Enable 


e Positive edge-triggered clock 


@ Power-on preset to logic ''1'' of 
all registers 


e Automatic logic ''HOLD" state 
via S/R flip-flops 


e On-chip Test Array 

© fuax: 20MHz 

e Power: 600mW (typ.) 
e TTL compatible 

e Tri-state outputs 

e Sinale +5V supply 

@ 300mil-wide 24-pin DIP 


PIN CONFIGURATIONS 
N Package 


CD03281S 
N = Plastic 


A Package 


NIC Fy Fo Ilo |; lo N/C 


NIC PR/IOE li Iip 19) tg NIC 


A= Plastic Leaded Chip Carrier 


APPLICATIONS 

e Interface protocols 

e Sequence detectors 

e Peripheral controllers 

e Timing generators 

e Sequential circuits 

e Elevator controllers 

e Security locking systems 
e Counters 

e Shift registers 


853-0323 86548 
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PLS168A 


PIN DESCRIPTION 


PIN NO. | SYMBOL NAME AND FUNCTION POLARITY 
1 CK Clock: The Clock input to the State and Output Registers. A Low-to-High transition Active-High 
on this line is necessary to update the contents of both registers. 
2-6 yea Logic Inputs: The 11 external inputs to the AND array used to program jump Active-High/Low 
18-23 conditions between machine states, as determined by a given logic sequence. 
7 lo Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, Active-High/Low 
when exercised with standard TTL levels. When Io is held at +10V, device outputs 
Fo-Fg and Po-—Pg reflect the contents of State Register bits P49 (see Diagnostic 
Output Mode diagram). The contents of flip-flops Po_; and Fo_3 remain unaltered. 
13- 16 Po_3 Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents Active-High 
of State Register bits Po_3. When lg is held at +10V these pins reflect (Pg — Po). 
10-11 Fo-F3 Logic/Diagnostic Outputs: Two register bits (F2-—F3) which reflect Output Register Active-High 


bits (Q2-Qg3). When Ip is held at +10V these pins reflect (P4—- Ps). 
17 PR/OE Preset or Output Enable Input: A user programmable function: 
e Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Active-High (H) 
Register bits. Preset overrides Clock, and when held high, clocking is inhibited 
and Po_g and Fog_3 are high. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after Preset goes low. 
| e Output Enable: Provides an Output Enable function to all output buffers. Active-Low (L) 
8, 9 Fo-F4 Logic Output: Two device outputs which reflect Output Registers Qo - Q;. When Ig 
is held at +10V Fo-F, =Logic "1" 
LOGIC FUNCTION TRUTH TABLE? # 3 45,6 
Typical State Transition: OPTION 
Q2 Q1 Qo 
(sn) PRESENT STATE 
a X X xX 
STATE REGISTER AeBeCe... +10V X X X 
G+) NEXT STATE : xX x xX x 
| a Fe th ek . X X X 
Q>: = ©Q,°Q) *Ae Bec... 
SET Q, ae 1p) *AS BOC + 10V x x X 
: X X X X 
RESET Q,: aI 
R, “(0,0 0,0G,)KeBec.. x t i L 
HOLD Q,: ey Xx tT L H 
18009008 X i} H L 
X T H H 


VIRGIN STATE 

A factory shipped virgin device contains ail 

fusible links intact, such that: 

1. PR/OE option is set to PR. Thus, all 
outputs will be at ''1"', as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. 


NOTES: 
1. Positive Logic: 

S/R =To +1, +To t+... + 147 

= C(Io 4 Ip...) (Po P4...P9) 

. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user programmabie option. 

denotes transition from Low to High level. 
. R=S=High is an illegal input condition. 
* = H/L/+10V 
. X=Don't Care (<5.5V) 


pr 


x 
On w 
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sa AES MARS RAOU A LETS SLETE/ Se LLU A AAA ATI aL IN NNT ETERS RI i AMINA ce 8 RN NAT RUA GRAEE ET MESSNER AOAC TNS OIL ORI NOLL TANI 


FPLS LOGIC DIAGRAM 


SORE GBR OR BR 1h a on BRR SEB BR EER BR SS BS RS BE SI GBS RR GS Es HR 


RRS BE SOS G8 SR ORE SE Fs SS es GG RR RS BB SES RAD BG BS SR SG Rt HS SRNR SO BR ARE SRS PS SR SS OH wR OE 
co pbb hele me obedient spebeeedertnbeshennbeneb bed nd ' 
35 SSR FS EA aS ER pte bert ete 26S SURI HE BER OUR P E 
ee PC 
eb hedecbebeetetenbeetertebe tte ted bebernd obi bebe beeabanahenr tte popetemebepenbetrktinbed 
mete a YS BO A AS as I 
Ce 
at ee SS GRR CARA ne SA RAN SO as RNA RS Aa ak RA SS ES RR SSR BY OR 


EsBecaasaansedssaasamelerses rsaeraamaeesaevbedsees? 
: ac 


Co mane ; 
2 Bs Be pbb eobab bab atepe tnt todo beaded bepes barge pete tn Beee ee 
BR 88 ES 


Hs FD 8 aR ns EE eS SERRE Hay eS See 2 as 
PUGUciess Enna SRN mI uRynnomasennaemCeannanmnEE SEED. cers Naas 
8 BS BE BS SS SSS 555 SD SR SSE SG SS BO = 


a 
Da 
3 


ho 
2 a” 
2 9 


ee 
SS Eee BRR Be 
Pe ee 
a e q he t ol ‘ bs y 
amacae | 
[xs wl[> 
lis elle ol 


i 
& 
| 
a 


a 

His 

eis 
eee 
ee es 
Pe] 


ws UJ Y 4 
ame 
2 PHD @ 
= alle Slle ole 0 
a 


Ty 
Hi 
SS 
2 


Pre racummecimonai necator 


ee 

9U EVO yg 
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a 

Pr 


U 
as 
a 
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aa : 


8 
ee 
ie 
i 
f 

de 
3 


NOTES: 
1. All programmed "AND" gate locations are pulled to logic * 1" 
2. All programmed ''OR"' C— are pulled to logic "0". 
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ORDERING INFORMATION THERMAL RATING 


DESCRIPTION ORDER CODE TEMPERATURE 


24-pin Plastic DIP 
300mil-wide 


PLS168AN 


28-pin Plastic Leaded 
raion 
ABSOLUTE MAXIMUM RATINGS' 


SYMBOL PARAMETER 


re ee 
Tin | Opit comers 


Temperature range 
Operating 
Storage 


re) 

—) 
: 

> 
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DC ELECTRICAL CHARACTERISTICS 0°C <T, <75°C, 4.75V <Voco <5.25V 


LIMITS 


pts 
| min_| typ? | Max 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage® 


Vin | Voc = Max 
Vit Voc = Min 
Vic oe Voc = Min, lin =-12mA 


Output voitage® 


Voc = Min 
Vou High® lon =-2mA 
VoL Low® lo. = 9.6mA 


Ty High 
hie Low 
lie Low (CK input) 


Output current 


Voc = Max 

lo(orr) Hi-Z state’ Vout = 5.5V 
Vout = 0.45V a 
Short circuit+® Vout = OV -70 


op nN 2 ne EL 


Capacitance’ 
Cin input pF 
CoutT Output 

1. Stresses above those listed under ''Absolute Maximum Ratings'’ may cause malfunction or permanent damage to the device. This is a stress rating 


NOTES: 
only. Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not 

implied. 

. All typical values are at Voc = 5V, Ta = + 25°C. 

. All voltage values are with respect to network ground terminal. 

. Test one at a time. 

. Measured with Vj applied to OE and a logic high stored, or with Vj, applied to PR. 

. Measured with a programmed logic condition for which the output is at a low logic level, and Vj, applied to PR/OE Output sink current is supplied 
through a resistor to Vcc. 

7. Measured with Vi applied to PR/OE. 

8. Duration of short circuit should not exceed 1 second. 

9. loc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


Oanh © PD 
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Clock? high 
Clock low CK + CK - 25 15 
Period (without Complement Array) CK + CK + 50 40 
Period (with Complement Array) CK + CK+ | 80 50 
Preset pulse PR -- PR + 25 15 


Input Input + 40 
Input Input + 30 
Input (through Complement Array) Input + 70 
Input (through Complement Array) Input 60 
Power-on preset Vcc + 0 
Preset PR -- 0 


Clock Output + 15 20 
Output enable Output — 20 30 
Output disable Output + OE + 20 30 
Preset Output + PR + 18 30 
Power-on preset Output + Voc + 0 10 


era Atenas eniaereactts tk et nensaniane rien tasNimnrem | eats ivan Rem marneNareeusAnnimAeN 


Frequency of operation? | 


fuaxB Without Complement Array 20 
fuaxB With Complement Array 12.5 


NOTES: 

1. All typical values are at Voc = 5V, Ta = +25°C. 

2. To prevent spurious clocking, clock rise time (10% - 90%) < 3Ons. 
3. See "Speed vs. OR Loading’ diagrams. 
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Field-Programmable Logic Sequencer (12 < 48 x 8) 


TIMING DIAGRAMS 


Sequential Mode 


1.5V 


amend Exper 


Asynchronous Preset 


Voc 


Fo_o/Po-g I \} 1.5V 


tis 


Power-On Preset 
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TIMING DEFINITIONS 


tcKH 

tCKL 

tcKP1 
tis1 


tcKp2 


tise 


tvs 


tprs 


ti 


tcKo 


toe 


top 


tsRE 


tsrD 


tpr 


tppR 


tpRH 
fMAX 


Width of input clock pulse. 
Interval between clock pulses. 
Clock period-—when not using 
Complement array. 

Required delay between beginning 
of valid input and positive transition 
of clock. 

Clock period - when using comple- 
ment array. 

Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND array). 
Required delay between Vcc (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
input data. 

Delay between positive transition of 
clock and when Outputs become 
valid (with PR/OE Low). 

Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input Ip transition to 
Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 

Delay between input Ip transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and when Outputs become 
valid ''1"". 

Delay between Vcc (after power- 
On) and when Outputs become pre- 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 
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TIMING DIAGRAMS (Continued) 


INTERNAL “= 
STATE REG. 


Vou 
15V (F, +1) 


OUTPUT Vv 
PF ; OL 


wm OV 


WF05381S 


Diagnostic Mode 


TEST LOAD CIRCUIT | VOLTAGE WAVEFORM 


10% 
(INCLUDES SCOPE ov 


AND JIG 
CAPACITANCE) 
TC01580S 


WF05S390S 
MEASUREMENTS: 
Alt circuit delays are measured at the +1.5V level 
of inputs and output, unless otherwise specified. 


Input Pulses 


TC01570S 
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Field-Programmable Logic Sequencer (12 < 48 X 8) PLS168A 


SPEED VS. ''OR' LOADING 


The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by: 


(1/fmax) = tcy = tis + tcxo 


This frequency depends on the number of 
transition terms T, used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tis, due to capacitive loading. 


The effect of this loading can be seen in 
Figure 1, showing the variation of tis; with 
the number of terms connected per OR. 


The AC electrical characteristics contain 
two limits for the parameters tig; and tiso. 
The first, tis1a is guaranteed for a device 
with 24 terms connected to any OR line. 
tisig is guaranteed for a device with 16 
terms connected to any OR line. 


November 14, 1986 


TERMS CONNECTED/OR 
OP01251S 


Figure 1. tis; vs. 
Terms/OR Connected 


The three other entries in the AC table, tiso 
A and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 


The worst case of tis for a given application 
can be determined by identifying the OR 
line with the maximum number of T, con- 
nections. This can be done by referring to 
the interconnect pattern in the FPLS logic 
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diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "'H" 
or ''L" entries in one of the columns of the 
device Program Table. 


This number plotted on the curve in Figure 
1 will yield the worst case tig and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 


TRANSITION TERMS T,, 


(4) 


TERMS/OR (2) Py 


AF01810S 


Figure 2. Typical OR Array 
Interconnect Pattern 


Signetics Application Specific Products @ Series 24 | | Product Specification 


Field-Programmable Logic Sequencer (12 X 48 x 8) PLS468A 


LOGIC PROGRAMMING PRESET/OE OPTION - (P/E) 


The FPLS can be programmed by means of 
Logic programming equipment. 


PR/OE 


With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program = 
Table on the following page. 


LS01810S 


in this table, the logic state or action of T preset’ | H | [oF | cL | 


control variables C, |, P, N, and F, associated 
with each Transition Term Tp, is assigned € PROGRAMMING: 

symbol which results in the proper fusing The PLS168A has a power-up preset feature. This feature insures that the device will power-up in a known 
pattern of corresponding link pairs, defined as _ state with all register elements (state and output register) at a logic High (H). When programming the device it 
follows: is important to realize this is the initial state of the device. You must provide a next state jump if you do not 


wish to use all Highs (H) as the present state. 
ip 
1,P >: 
ip 
Th 
LS01840S 


"AND" ARRAY - (I), (P) 


LS01850S 


[state | 6008 | [state | cove | STATE | CODE | 
mactive™ [0 ees ne ae a aT Sl pont cane | - | 


1$01890S LS01900S LS01870S 1501880S 


| __ ACTION : ACTION ACTION | CODE |_| ACTION _| CODE | 
INACTIVE? SET RESET NO CHANGE [| - | 


ACTION CODE | ACTION _ | __ ACTION 
INACTIVE" Oo PROPAGATE | @ | TRANSPARENT | ~ | 
NOTES: 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with ail unused (inactive) AND gates T,. 

-2 Any gate T,, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 
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PLS168A 


FPLS PROGRAM TABLE PLS168A 


CUSTOMER NAME 
f PURCHASE OMOSRe# 

SIGNETICS DEVICE # Se 
CUSTOMER SYMBOLIZED PART # 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE # 


TB02031S 
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TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 


on-chip test array. Y 


(1, + F,)/F, 


The array consists of test transition terms 48 


and 49, factory programmed as shown below. (ln Frd/Fy (Eye, 


Testing is accomplished by clocking the FPLS 

and applying the proper input sequence to © 

lo-11 aS shown in the test circuit timing dia- ce (i, + F,)/F, 
gram. 


AF01822S 


State Diagram 


7C01593S 


FPLS Under Test 
s 


mm Ra oe = 
T PRESENT STATE (Ps) 
M 
19 fa | 


BORO Peo oO Bee eee DO Bees eee 
Z ONOMCHOMMOOON SMOCHCIMCCC) a AAR 
EE SC OO CHC) Eee 


Test Array Program 


+5V 


Yoo 4.75V 
ov 
V, 
Both terms 48 and 49 must be deleted during cK : 
user programming to avoid interfering with the Yn 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified Vin 
programming equipment. tot : 
iL 
3V 
Fos 
ov 


WF05376S 


Test Circuit Timing Diagram 


Pm ae = = 
T PRESENT STATE (Ps) 
Ee INPUT(Im) 
R Cy (Px) 
M 


BO BOR PERO Be Bee ee OOO Bee eee 
EE SOO CHAO OOOO DOO COO NCC a OSS See See 
2 SSCS RCs SERCO ee SSS Seecees sees 


Test Array Deleted 
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DESCRIPTION 


The PLS173 is a two-level logic element 
consisting of 42 AND gates and 10 OR 
gates with fusible link connections for 
programming I/O polarity and direction. 


All AND gates are linked to 12 inputs (I) 
and 10 bidirectional |/O lines (B). These 
yield variable |/O gate configurations via 
10 direction control gates (D), ranging 
from 22 inputs to 10 outputs. 


On chip T/C buffers couple either True 
(|, B) or Complement (I, B) input polari- 
ties to all AND gates, whose outputs can 
be optionally linked to all OR gates. 
Their output polarity, in turn, is individual- 
ly programmable through a set of EX-OR 
gates for implementing AND/OR or 
AND/NOR logic functions. 


The PLS173 is field programmable, en- 
abling the user to quickly generate cus- 
tom patterns using standard program- 
ming equipment. 


Order codes for this device are con- 
tained in the pages following. 


FUNCTIONAL DIAGRAM 
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PLS173 


Field-Programmable Logic 
Array (22 X 42 X 10) 


Signetics Programmable Logic 


Product Specification 


FEATURES 
@ Field-Programmabie (Ni-Cr links) 
e 12 inputs 
e 42 AND gates 
e 10 OR gates 
e 10 bidirectional I/O lines 
e Active-High or -Low outputs 
@ 42 product terms: 
- 32 logic terms 
- 10 control terms 
e 1/0 propagation delay: 30ns (max.) 
e input loading: -100uA (max.) 
e Power dissipation: 750mW (typ.) 
e Tri-state outputs 
e TTL compatible 


APPLICATIONS 

e Random fogic 

e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

e Multiplexing 


AF01831S 
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PIN CONFIGURATIONS 
N Package 


CD03290S 
N = Plastic 


A Package 


wee kh 


n/C B, B, B, B 
CD03390S 
NOTE: 


A= Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A-B-C°D-... 
TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY =H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY =L 
Z=PO+PI+P2+ ... 


Z=P0°P1-P2-... 


NOTES: 
1.For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 


both. The desired output polarity is programmed 
via the EX-OR gates. 

2.Z, A, B, C, etc. are user defined connections to 
fixed inputs (I), and bidirectional pins (B). 
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FPLA LOGIC DIAGRAM 


Product Specification 


PLS173 


a——________—- (LOGIC TERMS—P) ——__________-—____-—- @-———— (CONTROL TERMS) ———_—_- 


fk 
ic 
ice 
actos 
ifeks 
ufo} 
ce 
ufeHe 
ufo} C : 
ole pe ieetrat 


soa 
EKO 
papas seaainey 


min 1000 ne 
(0 a 


te 
ett 

Ct. 
ee 
mo Ce 

Co 


2 ee ee a ee 


NOTES: 
1. All programmed "AND"' gate locations are pulled to logic ''1"'. 
2. Ail programmed "OR" gate locations are pulled to logic ''0"'. 


November 14, 1986 5-70 


SSE Sh PSNR ‘| 
LL cc FINE =p 
PEPE OT 
te Be 


ir 
oor re 
ie Sa | 
oy” 
ieee 
le. 


TB00841S 


Signetics Application Specific Products @ Series 24 


Field-Programmable Logic Array (22 < 42 x 410) 


Product Specification 


PLS173 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
24-pin Plastic DIP 


300mil-wide PLS173N 
28-pin Plastic Leaded 


Chip Carrier PLS173A 


ABSOLUTE MAXIMUM RATINGS!‘ 


SYMBOL PARAMETER 


| in| 
[Wes | Sonny wotags 
a Lo Seen ee 

a 


RATING 


Output currents 


Temperature range 
Operating 
Storage 


DC ELECTRICAL CHARACTERISTICS 0°C <T, <+75°C, 4.75 <Voc <5.25V 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage® 


Voc = Min 
Voc = Max 
Voc = Min, tin =-12mMA 


Vcc = Min 
lo. = 15mA 
lon =—2mA 


Output current 


Voc = Max 
lO(OFF) Hi-Z state'® Vout = 5.5V 
Vout = 0.45V 

Short circuit*®7 Vout = OV 


los 
Voc supply current® 


Capacitance 
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THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise 75°C 
ambient to junction 


LIMITS 
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AC ELECTRICAL CHARACTERISTICS o°c <Ta <+75°C, 4.75 <Voo <5.25V, Ry = 470Q, Ro = 1kQ 


TEST 


TO 
| tp Propagation delay Input+ C_ = 30pF 
NOTES: 


1. Stresses above those listed under "Absolute Maximum Ratings'’ may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

. All typical values are at Voc = 5V, Ta = + 25°C. 

. All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with V;, applied to 144. Pins 1-5 =OV, Pins 6-10 = 4.5V, Pin 11 =OV and Pin 13 = 10V. 

Same conditions as Note 5 except Pin 11 = +10V. 

. Duration of short circuit should not exceed 1 second. ; 

Icc is measured with Ip and |, =OV and lo—-1,1 and Bo— Bg = 4.5V. Part in Virgin State. 

. Measured at V7 = Vo, + 0.5V. 

. Leakage values are a combination of input and output leakage. 

. ty and Iy4 limits are for dedicated inputs only (Ip — 144). 


TEST LOAD CIRCUIT TIMING DIAGRAM 


ASOPNOaROND 


—_ = 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


TIMING DEFINITIONS 


tpp Propagation delay between input 
and output. 

top Delay between input change and 
when output is off (Hi-Z or High). 

toe Delay between input change and 
when output reflects specified out- 
put level. 


MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level of 
inputs and outputs, unless otherwise specified. 


input Pulses 
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LOGIC PROGRAMMING OUTPUT POLARITY - (B) 

The FPLS can be programmed by means of 
; : ‘ 

Logic programming equipment. i ill 

With Logic programming, the AND/OR/EX- 

OR gate input connections necessary to im- 

plement the desired logic function are coded LS01950S 


directly from logic equations using the Pro- [ACTIVE LEVEL | CODE | 


gram Table on the following page. 


In this table, the logic state of variables |, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 


"AND" ARRAY - (i, B) 


LS01990S 


[STATE _| CODE | 
INACTIVE’? | O | 


[—», STATUS | CODE | [—, STATUS | CODE 
[active [A [—iwactve [| 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) 
AND gates Pp, Dp. 
2. Any gate P,, Dy, will be unconditionally inhibited if both the true and complement of any input (I, B) are left 
intact. 
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PLS173 


ACTIVE LEVEL | CODE] 
ow | 


LS01980S 


[stare | 606E 
[pont cane [- | 


VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 


1. All outputs at "'H" polarity. 
2. All P, terms are disabled. 
3. All P, terms are active on all outputs. 


CAUTION: PLS173 TEST 
COLUMNS 


The PLS173 incorporates two columns not 
shown in the logic block diagram. These 
columns are used for in-house testing of the 
device in the unprogrammed state. These 
columns must be disabled prior to using the 
PLS173 in your application. if you are using a 
Signetics-approved programmer, the dis- 
abling is accomplished during the device 
programming sequence. if these columns are 
not disabled, abnormal operation is possible. 
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FPLA PROGRAM TABLE 


POLARITY 
BSEREREREES 
ee Se 


PROGRAM TABLE # _____ REV______ DATE ____ 


2. Unueed | and 8 bite in the AND erray must be programmed Doat 


entries corresponding lo sietes of virgin links exists in the table. 
Cate (—}. 


1. The FPLA ie shipped with aff aks infect. Thus » seckground of 
{(Bhown GLANK for clarity.) 


3. Unused product terma can be tof blank. 


TBOCESES 
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DESCRIPTION 


The PLS179 is a Tri-state output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip-flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a "'foldback'"’ in- 
verting buffer and control gate Fe. It 
features 8 registered |/O outputs (F) in 
conjunction with 4 bidirectional I/O lines 
(B). There are 8 dedicated inputs. These 
yield variable |/O gate and register con- 
figurations via control gates (D, L) rang- 
ing from 20 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 
21 OR gates with fusible link connec- 
tions for programming I/O polarity and 
direction. All AND gates are linked to 8 
inputs (I), bidirectional |/O lines (B), 
internal flip-flop outputs (Q), and Com- 
plement Array output (C). The Comple- 
ment Array consists of a NOR gate 
optionally linked to all AND gates for 
generating and propagating complemen- 
tary AND terms. 


FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 
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PLS179 


Field-Programmable Logic 
Sequencer (20 X 45 X 12) 


Signetics Programmable Logic 


Product Specification 


FEATURES 
e Field-Programmable (Ni-Cr link) 
e 8 dedicated inputs 
e 13 control gates 
@ 32 AND gates 
e 21 OR gates 
e 45 product terms: 
- 32 logic terms 
- 13 control terms 
e 4 bidirectional |/O lines 
e 8 bidirectional registers 
e J/K, T, or D-type flip-flops 
e Asynchronous Preset/Reset 
e Complement Array 
e Active-High or -Low outputs 
e Programmabie OE control 
e Positive edge-triggered clock 
e Power-on reset on flip-flop 
(Fr — "4") 
e Clock frequency: PLS179: 18MHz 
(max.) 
e Input loading: PLS179: - 100uA 
(max.) 
e Power dissipation: 750mW (typ.) 
e TTL compatible 
e Tri-state option 


(CONTROL TERMS) 


6 
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PIN CONFIGURATIONS 


N Package 


CD04520S 
N = Plastic 


A Package* 


Bo 12} 4] le 

B, {13} 3th 
GND 14) 2 | to 
GE. |15] | 4} CLK 

Ba 16 j 28) Vcc 


j19} [20] [21] [22] [23] [2a] [25 
NiC Fo Fg Fa Fs Fe NIC 

CD04530S 
A= Plastic Leaded Chip Carrier 


APPLICATIONS 
e Random sequential logic 


-@ Synchronous up/down counters 


e Shift registers 

e Bidirectional data buffers 

e Timing function generators 

e System controliers/synchronjzers 
e Priority encoder/registers 
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Field-Programmable Logic Sequencer (20 X 45 X 412) PLS179 


On-chip T/C buffers coupie either True (I, B, 
Q) or Complement (I, B, Q, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional |/O lines 
(B), whose output polarity is individually pro- 
grammable through a set of EX-OR gates for 
implementing AND-OR or AND-NOR logic 
functions. Another group drives the J-K inputs 
of ail flip-flops, as well as asynchronous 
Preset and Reset lines (P, R). 


All flip-flops are positive edge-triggered and 
can be used as input, output or 1/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), steer- 
ing inputs (I), (B), (Q) and programmable 
output select lines (E). 


The PLS179 is field programmable, enabling 


the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are contained on the pages 
following. 


LOGIC FUNCTION 


Q3 Q2 Qi Qo 


(2) PRESENT STATE 


STATE REGISTER AeBece... 


CooL Ta] ) versie 


SET Qo: Jo= (Qg* Q,°Q,¢O,)*Ae BOC... 
Ky =0 


RESET Q,: J,=0 = RNs 
K,= (Qg* Q,9°Q,°Q,)*aeBeC... 


HOLD Q,: Jp=0 
Kg =0 


TOGGLE Og? Jg=(Qg° Q,°Q,° Oy) sAe BC... 


Kg=(Q3* Q,¢Q,°Q,) Ae Bec... 


TBO00901S 


NOTES: 
Similar logic functions are applicable for D and T 
mode flip-flops. 
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FLIP-FLOP TRUTH TABLE 


NOTES: 
1.Positive Logic: 
J/K = To + Ty + Tot... + T34 


Ta=Ce(Io oly ele...) *(Qo°Qy...) *(Bo* Bi...) 

2. T denotes transition from Low to High level. 

3. X = Don't Care 

4. * = Forced at F,, pin for loading J/K flip-flop in 1/O 
mode. L must be enabled, and other active T, 
disabled via steering input(s) |, B, or Q. 

5. AtP = R = H, Q = H. The final state of Q depends 
on which is released first. 

6.** = Forced at F, pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Tri-state B outputs. 


VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 


1. OE is always enabled. 

2. Preset and Reset are always disabled. 
3. All transition terms are disabled. 
4 


All flip-flops are in D-mode unless other- 
wise programmed to J/K only or J/K or D 
(controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


5-76 


Signetics Application Specific Products @ Series 24 Product Specification 


Field-Programmable Logic Sequencer (20 X 45 x 12) PLS179 


ane TO 


FPLS LOGIC DIAGRAM 


—§—§ (CONTROL TERMS) —————__—__—_——- 


o,———__--———— (LOGIC TERMS — T) 


8 
23] B, 
4] 8, 
13] By 
10} By 


Sah Hil 
tel TT HT 
+ lege ES - 
Hoc ieee - 
ae tH 
YJ 


mn oo 
St REITER 5, 


LD01672S 


1. All OR gate inputs with a blown link float to logic ''0". 
2. All other gates and control inputs with a blown link float to logic "1" 
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ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE 


24-pin Plastic DIP 
300mil-wide 


28-pin Plastic Leaded 
Chip Carrier 


TEMPERATURE 


Maximum junction 


PLS179N © 
Maximum ambient 


PLS179A Allowable thermal rise 


ambient to junction 


ABSOLUTE MAXIMUM RATINGS’ 


SYMBOL PARAMETER 


Cin [interes 
Four [wou carers 


Temperature range 
Ta Operating 
Tst@ Storage 


DC ELECTRICAL CHARACTERISTICS 0°C <Ta <75°C, 4.75V <Voc <5.25V 


LIMITS 
PARAMETER TEST CONDITIONS Sin | typ? UNIT 
| Tye? | Max _| 


_ SYMBOL 


‘Input voltage® 


Vin Vec = Max | V 
Vit Voc = Min 0.8 
Vic Voc = Min, lin = -12MA -1.2 | 


| Output voitage® : 


| Vor High Voc = Min, lon = -2mA 2.4 V 
Voit | Low lo = 10mMA 


Input current : 

le | High Voc = Max, Vin = 5.5V 7 <1 40 | uA 

In [Low Vin = 0.45V -10 | -100 | 

Output current | | 

lo(orr), | Hi-Z state®® Voc = Max, Vout = 5.5V pA 
Vout = 0.45V 

los Short circuit*® Vout = OV mA 


Capacitance 


Cin Input Voc = 5.0V, Vin = 2.0V 8 pF 
Cout Output Vout = 2.0V 15 
NOTES: . 


1. Stresses above those listed under "Absolute Maximum Ratings'’ may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at Vcc = 5V, Ta = + 25°C. 

3. All voitage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with Vi applied to OE. 

6. Duration of short circuit should not exceed 1 second. 

7. \oc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 

8. Leakage values are a combination of input and output leakage. 
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Field-Programmable Logic Sequencer (20 X 45 X 12) PLS179 


AC ELECTRICAL CHARACTERISTICS R, = 4702, Ro = 1kQ, 0°C <T, <+75°C, 4.75V < Voc <5.25V 


LIMITS 
SYMBOL PARAMETER TO Fin | typ" | UNIT 


Clock? high 1 
Clock low 
Period 

Preset/Reset pulse 


TEST 
CONDITIONS 


Setup time 


Input 

Input (through F,) 
Input (through 
Complement Array)* 


Propagation delay 


Clock 
Output enable 
Output disable® 
Output 

Output. enable 
Output disable? 
Preset/Reset 
Power-on preset 


C. = 30pF 


NOTES: 


. All typical values are at Voc = 5V, Ta = + 25°C. 

. To prevent spurious clocking, clock rise time (10% -90%) < 10ns. 

. Measured at V7 = Vo, + 0.5V. 

. When using the Complement Array Tcxp = 75ns (min). 

. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


90% 
“ a— tr te t 


arwan — 


al _—— 


ee 


I 


<= (INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 


TC01611S TC01621S 


WFO05460S 
MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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Field-Programmablie Logic Sequencer (20 X 45 X 412) PLS179 


TIMING DIAGRAMS TIMING DEFINITIONS 
oe tcKH Width of input clock pulse. 


fe + 3V toKL interval between clock pulses. 
i ov 


tprRH Width of preset input pulse. 


= a ae tisy | 


tis Required delay between beginning 
of valid input and positive transition 
1.5V 1.5V 1.5V of clock. 
CK tise Required delay between beginning 
ees Fst tom —-| ea of valid input forced at flip-flop 
———_—_——— tcxp ——_—_—__> : He ss 
— ee oe ee am me - output pins, and positive transition 
F 1.5V of clock. 

(OUTPUTS) ategos eee te Required delay between positive 
transition of clock and end of valid 
input data. 

tio Required delay between positive 


transition of clock and end of valid 
input data forced at flip-flop output 
WF05471S pins. 
tcxo Delay between positive transition of 
clock and when Outputs become 
valid (with OE Low). 
toe1 Delay between beginning of Output 
a Enable Low and when Outputs be- 
(INPUTS) come valid. 
top1 Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
B tppR Delay between Vcc (after power- 
(OUTPUTS) on) and when flip-flop outputs be- 
come preset at ''1"' (internal Q 
outputs at ''0"). 
tpp Propagation delay between combi- 
national inputs and outputs. 
toge2 Delay between predefined Output 
Enable High, and when combina- 
tional Outputs become valid. 
Gate Outputs | tope Delay between predefined Output 
Enable Low and when combina- 
tional Outputs are in the off state. 


Flip-Flop Outputs 


6 
(OUTPUT ENABLE) 


+5V tprRo Delay between positive transition of 
4.5V predefined Preset/Reset input, and 
when flip-flop outputs become val- 
Vcc OV id. 


WF06872S 


Power-On Reset 
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TIMING DIAGRAMS (Continued) 


1,8 
(INPUTS) 


tis1 tcKo 


PRESET/ RESET 1.5V 


(1, 8 INPUTS) 


6 (PRESET) 
\ (RESET) 


tpRo 


ee ae GD OO Gn GP ow ae GE Vv, 
E sey (RESET) ‘ Ry pil 
(OUTPUTS) (PRESET) | ae 


2 ome ow oe ee a ee oe ow ee ow es os oe ® 7 aan aap ee ome VoL 


WF17071S 


*Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if Tis; 
cannot be guaranteed by the user. 
Asynchronous Preset/Reset 


1,8 
(LOAD SELECT) 


sees eaeaa es a SD 


f 


oe oe oe oe oe os ew 8 | 


+3V Von 
(INPUTS) (FORCED Din) Ear 


OV VOL 
tis2 tiH2 


“+3V 


tcKH ——— OV 


XQ 


Flip-Flop input Mode 
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Field-Programmable Logic Sequencer (20 X 45 X 12). 


PLS179 


The FPLS can be programmed by means of 


Logic Programming equipment. 


With Logic programming, the AND/OR-EX- 


OR input connections necessary to imple- 


"AND" ARRAY - (I), (B), (Qp) 


(T, Fo, L, P, R, D)p, 


| STATE | CODE | 


INACTIVE 


| ACTION _|_ Cone | 


‘wactive™™> | O | 


Ls02070S 


Cc 


(Dy, bas Py R,) 


ACTION | CODE | 
PROPAGATE | @ | 
L$02110S 


Notes on following page. 
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(T, Fo, L, P, R, Diy 


[stave _| cone] 


LS02040S 


(Th Fo) 


[—acrion [C008 | 
| cenerare® | A 


Ls02080S 


(D,, Ly Pr Ry) 


ACTION a 


TRANSPARENT 


1$02120S 


ment the desired logic function are coded 
directly from the State Diagram using the 
Program Tables on the following pages. 


In these Tables, the logic state or action of ail 
i/O, control, and state variables is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links defined as 
follows: 


(T, Fo, L, P, R, D)n 


[state | cone] 


(T, Fo, L, P, R, Dp 


STATE 
DON’T CARE 


(Th Fo) 


[AeTION | CODE] 
[eroracare | # | 


LS02090S 


(Th F Cc) 


| ACTION _|_ CODE | 


TRANSPARENT | - | 


1802100S 


"OR' ARRAY — (MODE) 


JIK OR O A 
(CONTROLLED) 


LS02130S 


[nerion [6008 


L$02140S 
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"OR" ARRAY — (Qn = D - Type) 


ACTIVE (Set) | A INACTIVE (Reset) | @ | 


LS02150S 1$02160S 


ACTION | cope | Action —_| CODE | ACTION —|_- CODE | ACTION | _CObE | 


Ls02180S LS02190S LS02200S 


"OR" ARRAY —(S or B),(P),(R) 


T, STATUS —_| CODE | . T, STATUS —_—| CODE | 
ACTIVE | A | INACTIVE |e | 


L$02210S8 LS02220S 


"OE '' ARRAY — (E) 


ACTION | CODE, 
DISABLE | = | 


LS02280S 


ACTION | CODE ] 


LS02250S 


[ACTION | CODE [action __| CODE | 
[common | A | | [_enamet | ° 
LS02260S LS02270S 
NOTES: 
This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fo, L, P, R, D), will be unconditionally inhibited if any one of the |, B, or Q link pairs is left intact. 
To prevent oscillations, this state is not allowed for C link, pairs coupled to active gates T,, Fe. 


E, =O and E, = °are logically equivalent states, since both cause F,, outputs to be unconditionally enabled. 
These states are not allowed for control gates (L, P, R, D), due to their lack of ''OR" array links. 


OAPpon = 
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Field-Programmable Logic Sequencer (20 X 45 X 12) PLS179 


FPLS PROGRAM TABLE 


NOTES 
1. The FPLS is shipped with all links intact. Thus 
a background of entries corresponding to 
. states of virgin links exists in the table, shown 
F/F BLANK for clarity. 
} a |MOOE . Program unused C, |, B, and O bits in the AND 
; array as (—). Program unused Q, B, R, and P 
bits in the OR array as (—) or (A), as applicable. 
3. Unused Terms can be left blank. 
4. Q(P) and Q (N) are respectively the present and — 
: next states of flip-flops Q. 


TRANSPARENT ,— 


CONTROLLED) 


” 
Q 
- 
WW 
ya 
© 
2) 
> 
a 
OQ 
uu 
if 
ol. 
o. 
= 
e) 
O 
Ud 
a 
O 
- 
z 
Q 
- 
om 
© 
Oo. 
% 
< 
- 


CUSTOMER SYMBOLIZED PART # 


DATE RECEIVED 
COMMENTS 


CUSTOMER NAME 
PURCHASE ORDER # 
SIGNETICS DEVICE # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 


TB01711S 
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DESCRIPTION 

The PLHS473 is a two level logic device 
consisting of 24 AND gates and 22 OR 
gates with fusible link connections for 
programming I/O polarity and direction. 
The Signetics state of the art Oxide- 
Isolated Bipolar process is used to pro- 
duce performance not yet achieved in 
devices of this complexity. 


All AND gates are linked to 11 input pins, 
9 bidirectional !/O pins, and 2 dedicated 
output pins. The bidirectional pins are 
controlled via the OR array. Using these 
features, the PLHS473 can be config- 
ured with up to 20 inputs and as many as 
11 outputs. 


The AND array input buffers provide 
both the True and Complement of the 
inputs (lx) and the bidirectional signals 
(Bx) as programmable connections to 
the AND gates. All 24 AND gates can 


then be optionally linked to all 22 OR . 


gates (a feature known as Product Term 
sharing not found in PALs' or most 
macrocell architectures). The OR array 
drives 11 output buffers which can be 
programmed as Active-High for AND-OR 
functions or Active-Low for AND-NOR 
functions. In addition, the |/O configura- 
tion of each bidirectional pin is individu- 
ally controlled by a sum-of-products 
(AND-OR) function which may also con- 


FUNCTIONAL DIAGRAM 


1 PAL is a trademark of MMI. 
November 1986 


PLHS473 


Field-Programmable Logic 
Array (20 < 24 X 11) 


Signetics Programmable Logic 


Preliminary Specification 


tain any of the 24 AND gate outputs. 
This allows dynamic 1/O configuration of 
all 9 bidirectional pins. 


The PLHS473 contains two new fea- 
tures of significance. A code verification 
lock has been incorporated to improve 
user security. The addition of three test 
columns and one test row enables the 
user to test the device in an unpro- 
grammed state. 


The PLHS473 is field programmable us- 

ing Vertical Avalanche Migration Pro- 

grammed (VAMP™™) fuses to program 

the cells. This enables the generation of 

custom logic patterns using standard 

programming equipment. 

Order codes for this device are con- 

tained in the pages following. 

FEATURES 

e Field-Programmable 

e 11 dedicated inputs 

e 2 dedicated outputs 

e 9 bidirectional !/O lines 

e 24 product terms 

e@ 22 OR gates 

e I/O direction decoded in OR 
array 

e Output Enable decoded in OR 
array 


LD02643S 


5-85 


PIN CONFIGURATIONS 
N Package 


CD05290S 
N = Plastic 


A Package 


N/ Cc iP) 4 A \, N/ c 


N/C Bs Ong O8 Bs Bg N/C 
A= Plastic Leaded Chip Carrier oe 
e I/O propagation delay: 20ns 
(max.) 
e Input loading: -100uA (max.) 
e Power dissipation: 700mW (typ.) 
e Security fuse 
e Testable in unprogrammed state 
e Programmable as Tri-state or 
Open-Collector outputs 
e TTL compatible 


APPLICATIONS 

e Random logic 

e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

e@ Multiplexing 
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Field-Programmable Logic Array (20 x 24 Xx 411) PLHS473 


«capaci Art sume nO RE Eh CT ERE USA REE EO A SE SL nnn 


FPLA LOGIC DIAGRAM 


eo 


eT alee 
mea HRRaEE 
CTS aoe Fi F zi) Be 
mee eae. 
oma eee 
ea = 
a eipes 
> a) p> 16 | B 
ia Rass 
ane a 
<r a : 
a= ny 
e<ts, . 
> > 13} B 
: > . 19] o 
eae | 
ae ah Ba) > 18 | Oa 
23 *® © © «© © @ 1§ ese e¢ @ @ 8 Je«3«e«t8 et @ @ Gg = 
LO02630S 


. NOTES: 
1. All unprogrammed or virgin "AND" gate locations are pulled to logic ‘'1". 
R" gate locations are pulled to logic "0". 
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ORDERING INFORMATION LOGIC FUNCTION 


DESCRIPTION ORDER CODE 
24-pin Plastic DIP | 
300mil-wide PLHS473N 
28-pin Plastic Leaded 
Chip Carrier PLHS473A 


ABSOLUTE MAXIMUM RATINGS' 


SYMBOL PARAMETER 


| Min 
[ves | Sion votes SSCs 
[vw | put vote 
[Vou | Output otage SY 
input cuenta SiC 

ae 


TYPICAL PRODUCT TERM: 
Pn=A°B-°C°D-... 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY =H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY =L 
Z=—0+P1+P2+... 
Z=P0-P1-P2:... 


NOTES: 

1.For each of the 11 outputs, either function Z 
(Active-High) or 2 (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2.Z, A, B, C, etc. are user defined connections to 
fixed inputs (|), fixed output pins (0) and 
bidirectional pins (B). 


Output currents 
Ta 
Tste¢ 


DC ELECTRICAL CHARACTERISTICS 0°C <T, <+75°C, 4.75 <Voc <5.25V 


Temperature range 
Operating 
Storage 


Allowable thermal rise 


ambient to junction 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage? 


Voc = Min 
Voc = Max 
Vec = Min, lin =-12mA 


Voc = Min 
lo. = 15mA 
lon =-2mA 


Voc = Max 
Vin = 0.45V 
Vin = 5.5V 


Output current 


Voc = Max 
lo(oFF) Hi-Z state’? Vout = 5.5V 
Vout = 0.45V 
Short circuit*:®” Vout = OV A 
A 


los 
too [ Vee sy cuanto dS*d | ts [ma 


Capacitance 
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AC ELECTRICAL CHARACTERISTICS 0°C <T, <+75°C, 4.75 <Voco <5.25V, Ry = 470Q, Ro = 1kQ 


TO 
| tp Propagation delay Input+ 
NOTES: 


1. Stresses above those listed under "Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

. All typical values are at Voc = 5V, Ta = + 25°C. 

. All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with Pins 1-5 =0V, Pins 6, 8 = 4.5V, and Pins 7, 9-11 = 10V. 

Same conditions as Note 5 except Pin 9 = 4.5V. 

. Duration of short circuit should not exceed 1 second. 

- loc is measured with all inputs and bidirectional pins at 4.5V. Part in Virgin State. 

. Measured at V7 = Vo, + 0.5V. 

. Leakage values are a combination of input and output leakage. 


TEST LOAD CIRCUIT TIMING DIAGRAM 


TEST 
CONDITIONS 


SOO MNAMAWN 


Ss 


INCLUDES SCOPE 
AND JIG 


CAPACITANCE 


TIMING DEFINITIONS 


tpp Propagation delay between input 
and output. 

top Delay between input change and 
when output is off (Hi-Z or High). 

toe Delay between input change and 
when output reflects specified out- 
put level. | 


MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level of 
inputs and outputs, unless otherwise specified. 

Input Pulses 
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Field-Programmable Logic Array (20 < 24 x 414) PLHS473 


LOGIC PROGRAMMING OUTPUT POLARITY - (0, B) 


The FPLA can be programmed by means of 


Logic programming equipment. 

: ‘ F . x L>— oO, B 
With Logic programming, the AND/OR/EX- 

OR gate input connections necessary to im- 

plement the desired logic function are coded ia 


directly from logic equations using the Pro- | ACTIVE LEVEL | CODE | ACTIVE LEVEL | CODE 
gram Table on the following page. | MIGH | 


In this table, the logic state of variables |, P, eee pea 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding links defined 


as follows: 
P 


STATE 
INACTIVE 2 


"AND" ARRAY - (I, B) 


TC02630S 


| P 

: 
[—e, STATUS | CODE | 
[active [A 


TC02610S 


VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 


1. All outputs at ''L"” polarity. 
2. All P,, terms are enabled. (Don't Cares). 
3. All P, terms are inactive on all outputs. 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate P,, will be unconditionally inhibited if the true and complement of either input (I or B) are both 
programmed for a connection. 
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FPLA PROGRAM TABLE 


CONTROL 


}—---——-———— 


Spee ee ree emee ee ome eed cae oe 


i,B(I) | 


{ jLOw IL 
j , 


DON'T CARE j-- 


REV 


CUSTOMER NAME 

PURCHASE ORDER # 

SIGNETICS DEVICE # 

CUSTOMER SYMBOLIZED PART # 
_ TOTAL NUMBER OF PARTS 

PROGRAM TABLE # 
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[19 | 10 29] 22 21 20] 7 | 16 | 15 | 14] 19] 


Don't Care (-) in the virgin state. 
3. All P-terms are inactive on all outputs (B, O) in the 


1, The FPLA is shipped with all links open. 
2. Unused | and 6 bits in the AND array exist as 
4. Unused product terms can be left blank. 


Notes 


DOOR oe ooo 
ae ee ee ee ee 
a i ee ee ee 


T801980S 
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DESCRIPTION 


The PLC473 is a two-level logic CMOS 
Erasable Programmable Logic Device 
(EPLD) consisting of 24 AND gates and 
22 OR gates with EPROM cell connec- 
tions for programming |/O polarity and 
direction. The Signetics state-of-the-art 
Floating Gate CMOS process is used to 
produce performance not yet achieved 
in devices of this complexity. 


All AND gate inputs are linked to 11 


dedicated input pins (Ig —149) and 9 bi- 


directional I/O pins (Bg — Bg). These bi- 
directional pins are controlled via the OR 
array. Employing the 2 dedicated out- 
puts (O, — Og) and the programmable |/ 
O direction feature, the PLC473 can be 
configured with up to 20 inputs — and as 
many as 11 outputs. 


The AND array input buffers provide. 


both the True and Complement of the 
. inputs (lx) and the bidirectional signals 
(Bx) as programmable connections to 
the AND gates. All 24 AND gates can 
then be optionally linked to all 22 OR 


gates (a feature known as Product Term . 


sharing not found in PALs' or most 


FUNCTIONAL DIAGRAM 


'Pal is a trademark of MMI. 
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PLC473 


Erasable-Programmable Logic 
Array (20 X 24 X 11) 


Signetics Programmable Logic 


Preliminary Specification 


macrocell architectures). The OR array 
drives 11 output buffers which can be 
programmed as Active-High for AND-OR 
functions or Active-Low for AND-NOR 
functions. In addition, the I1/O configura- 
tion of each bidirectional pin is individu- 
ally controlled by a sum-of-products 
(AND-OR) function which may also con- 
tain any of the 24 AND gate outputs. 
This allows dynamic |/O configuration of 
all 9 bidirectional pins. 


The PLC473 contains two new features 
of significance. Additional testing capa- 
bility includes stress test mode, whereby 
all cells can be stressed to ensure reli- 
ability. In another test mode, the thresh- 
old voltage of each cell can be individu- 
ally checked to ensure charge retention. 


The PLC473 is field programmable using 
Floating Gate Ultraviolet Erasable Cells. 
This enables the generation of custom 
logic patterns using standard program- 
ming equipment. 


PIN CONFIGURATION 


Coos291S 


FA = Ceramic with window 


a aetna neeemmannatnn th pene nin finest astern arene 


FEATURES 


e Electrically Programmable; UV 
erasable 


e 11 dedicated inputs 

@ 2 dedicated outputs 

e 9 bidirectional I/O lines 
e 24 product terms 


e 1/0 direction decoded in OR 
array 

e 1/O propagation delay: 35ns 
(max.) 

e Input loading: -10uA (max.} 

@ Power dissipation at 10MHz 
CMOS: 210mW — 
TTL: 270mW 


e Threshold voitage test mode for 
individual cells 


e Stress test mode for individual 
cells 

® Output: Tri-state condition 
decoded in OR array 

e TTL compatible 


APPLICATIONS 

e Random logic 

@ Code converters 

® Fault detectors 

® Function generators 
® Address mapping 

® Niuitipiexing 
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FPLA LOGIC DIAGRAM 


to [t}—4€ FT 
ty 2] rel : 
lo | 3} —_ 


is | 4] 
u 6] 
Is | 6] 
te | 7) 
17 | 8| 


—~—---———_-——— (LOGIC TERMS- P) —_________———-@ 


» GP} Cr 


Ig 10 
lio [14] 


NOTES: 


1. All programmed "AND" gate locations are pulled to logic "1". 
d "OR" 


2. All programme 


Novernber 1986 


a 
ne = : 
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ate locations are pulled to logic "0". 
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PLC473 


ORDERING CODE 


24-pin Ceramic DIP 
with Window 
300mil-wide 


Input voltage 


Output voltage 


Input currents 


Output currents 

Temperature range 
Operating 
Storage 


DC ELECTRICAL CHARACTERISTICS 0°C <T, <+75°C, 4.75 <Voo <5.25V 


SYMBOL PARAMETER 


Input voltage® 
Low 


Vit 
Vin High 


Output voltage® 


VoL 
VoH 


Input current 


hie 
NH 


Output current 


lO(OFF) Hi-Z state® 
los 


Low 
High 


Short circuit*” 


os (Active) °° 


Capacitance 


lin 
Cp 


Input 
1/0 


ORDER CODE 


PLC473-45FA 
PLC473-60FA 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
PLC473-35FA Pn=A°‘B°C:D-... 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY =H 
Z=PO0+P1+P2... 


AT OUTPUT POLARITY =L 
Z=P0+P1+P2+ ... 


Z=P0-P1°P2-... 


NOTES: 

1.For each of the 11 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2.Z, A, B, C, etc. are user defined connections to 
fixed inputs (1), fixed output pins (O) and 
bidirectional pins (B). 


TEST CONDITIONS 


Voc = Min 
Voc = Max 


Voc = Min 
lo = 8mA 


lon =-3mMA 2.4 


Vin = GND 
Vin = Vcc 


CMOS inputs aes 
TTL inputs | 
Vcc = 5V 


Vin = 2.0V 6 
Ve = 2.0V 12 


Vout = Vcc 
VouT = GND 
Vout = GND 


No load 
f = 1MHz 


AC ELECTRICAL CHARACTERISTICS 0°C <Ta <+75°C, 4.75 <Voc <5.25V, Ry = 4702, Ro = 1k2 


SYMBOL PARAMETER 


TEST 
CONDITIONS 


Propagation delay Input+ Cy = 30pF re Fe 


Output disable? Output+ 


Input+ 


Poe [Opt enable [Ou | Inputs 


Notes on following page. 
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NOTES: : 

1. Stresses above those listed under "Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at Voc = 5V. Ta = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. CMOS inputs: Vy. = GND, Vin = Voc 
TTL inputs: Vi_ = 0.45V, Viq = 2.4V 

6. Measured with all inputs and outputs switching. 

7. Duration of short circuit should not exceed 1 second. 

8. Leakage values are a combination of input and output leakage. 

9. Measured at V7 = Vg, + 0.5V. 


TEST LOAD CIRCUIT TIMING DIAGRAM 


+8V 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


7002680S 


TIMING DEFINITIONS 

tpp Propagation delay between input 
and output. 

top Delay between input change and 
when output is off (Hi-Z 6r High). 

toe Delay between input change and 
when output reflects specified out- 
put level. 


MEASUREMENTS: 

All circuit delays are measured at the + 1.5V level of 

inputs and outputs, unless otherwise specified. 
Input Pulses 
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LOGIC PROGRAMMING OUTPUT POLARITY ~ (0, B) 


The FPLA can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table on the following page. 


TC02561S 


In this table, the logic state of variables |, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 


"AND" ARRAY -(I, B) 


P 


ae [——srare___ cone |] 
er eae 
DON'T CARE | oO | | oH | 


TC02632S TC02610S 


VIRGIN STATE 


A factory shipped virgin device contains all 


Pp fusible links intact, such that: 
é 1. All outputs at ''H" polarity. 
2. All P, terms are disabled. 
Pn 


3. All P, terms are active on all outputs. 


[Fn STATUS | CODE] ["F, STATUS | CODE | 
[mactve [| * [|__acrive’ [a 


7002581S 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. 
2. Any Product Term (P,,) will always be False (logic low) if at least one of its (1,B) link pairs is unprogrammed 
as shown. 
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FPLA PROGRAM TABLE 


B(O) 


OR 


{ 
ee ee oe ee ee ee 

| 

| 

! 

! 

| 


AND 


Don’t Care (-) in the virgin state. 
3. All P-terms are inactive on all outputs (B, O) in the 


DON’T CARE |-— 
virgin array. 


4. Unused. product terms can be left blank. 


INACTIVE 
2. Unused I and B bits in the AND array exist as 


1. The FPLA is shipped with all links open. 


Notes 


CF (XXXX) 
DATE 


REV 


: 
< 
af ae 
QO & 
uy 
Na 1 GREG ANOS EERO S RE SRE EERE 
weu SS * See cS ER ec eT 
sacfe a Sa Alera CIEI STI Cie IL 
< ec Ww ~~ uid fa] 
2588 @ BE eee Bisa 
x cz 
GYghss STE Se altel alee AIS acs aia 
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TB01980S 
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PLS103 

PLS105 
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PLUS405A 
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Application Specific Products 
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DESCRIPTION 


The PLS100 (Tri-state) and PLS101 
(Open Collector ) are bipolar, fuse Pro- 
grammable Logic Arrays (FPLAs). Each 
device utilizes the standard AND/OR/ 
Invert architecture to directly implement 
custom sum of product logic equations. 


Each device consists of 16 dedicated 
inputs and 8 dedicated outputs. Each 
output is capable of being actively con- 
trolled by any or all of the 48 product 
terms. The True, Complement, or Don't 
Care condition of each of the 16 inputs 
can be ANDed together to comprise one 
P-term. All 48 P-terms can be selectively 
ORed to each output. 


The PLS100 and PLS101 are fully TTL 
compatible, and chip enable control for 
expansion of input variables and output 
inhibit. They feature either Open Collec- 
tor or Tri-state outputs for ease of ex- 
pansion of product terms and application 
in bus-organized systems. 


Order codes are contained on the pages 
following. 


FUNCTIONAL DIAGRAM — 
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PLS100/PLS101 


Field-Programmable Logic 
Array (16 X 48 X 8) 


Signetics Programmable Logic 


Product Specification 


FEATURES 

e Field-Programmable (Ni-Cr link) 
e Input variables: 16 

e Output functions: 8 

e Product terms: 48 


e 1/0 propagation delay: 50ns 
(max.) 


e Power dissipation: 600mW (typ.) 
e Input loading: -100uA (max.) 


-@ Chip Enable input 


e Output option: 
- PLS100: Tri-state 
~ PLS101: Open-Collector 
© Output disable function: 
- Tri-state: Hi-Z 
~- Open-Collector: High 


APPLICATIONS 
e CRT display systems 


_@® Code conversion 


e Peripheral controllers 

e Function. generators 

e Look-up and decision tables 
e Microprogramming 

e Address mapping 

e Character generators 


_ @ Data security encoders 


e Fault detectors 

e Frequency synthesizers 

© 16-bit to 8-bit bus interface 
e Random logic replacement 


PIN CONFIGURATIONS 


0042818 
N = Plastic 
Open or grounded during normal operation. 


A Package 


CE Ms fa ha he ya No 
TOP VIEW 
€D04271S 
A= Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A°B-C:D-... 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY =H 
Z=PO+PI+P2... 


AT OUTPUT POLARITY = Lb. 
Z=PO+P1+P2+ ... 


Z=PO-P1-P2°... 


NOTES: 

1. For each of the 8 outputs, either function Z (Active- 
High) or Z (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
EX-OR gates. 


2.2, A, B, C, etc. are user defined connections to 
fixed inputs (I) and output pins (O). 
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Field-Programmable Logic : nm 
Array (16 X 48 X 8) oo PLS100/PLS10 


FPLA LOGIC DIAGRAM 


(LOGIC TERMS—P) ———______- dts 
Ho 
oe 


Lb01450S 


NOTES: 
1. All AND gate inputs with a blown link float to a logic ''1". 
2. ind ee gate inputs with a blown fuse float to logic "0". 
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Field-Programmable Logic 
Array (16 X 48 X 8) 


ORDERING INFORMATION 


DESCRIPTION TRI-STATE OPEN-COLLECTOR 
28-pin Plastic DIP 600mil-wide PLS100N PLS101N 
28-pin Plastic Leaded Chip Carrier PLS100A PLS101A 


SYMBOL PARAMETER 


VIN Input voltage 
Vout Output voltage 
Output currents 


Temperature range 
Operating 
Storage 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage® 


Voc = Max 
Voc = Min 
Voc = Min, lin =-12mA 
Output voitage® 
Voc = Min 
High (PLS100)° lon = -2mA 
6 lo. = 9.6mMA 


Output current 


lO(OFF) Hi-Z state (PLS100) CE = High, Voc = Max 
Vout = 5.5V 
Vout = 0.45V 

los Short circuit (PLS100)*” CE = Low, Vout = OV 


loc Voc supply current® 


Capacitance 


CE = High, Voc = 5.0V 
Vin = 2.0V 
Output Vout = 2.0V 


Notes on following page. 
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Product Specification 


PLS100/PLS104 


THERMAL RATINGS 
TEMPERATURE 


Maximum junction 150°C 


Maximum ambient 


Allowable thermal rise 
ambient to junction 5°C 


The PLS100 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the 
Signetics Military Data Book. 


LIMITS 


Signetics Application Specific Products @ Series 28 Product Specification 


Field-Programmable Logic | : | 
Array (16 X 48 X 8) | PLS100/PLS101 


AC ELECTRICAL CHARACTERISTICS R, = 4702, Ro = 1kQ, C, = 30pF, 0°C <T, <+75°C, 4.75V < ae ae <5.25V 


; ums | 
SYMBOL PARAMETER racir UNIT 


Propagation delay 


ae SRS SO” A IA BG BW 
es [8 eo aeons [ee 


Disable time 


a 


NOTES: 

1. Stresses above those listed under ''Absolute Maximum Ratings’ may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied. 

. All values are at Voc = 5V, Ta ™ + 25°C. 

. All voltage values are with respect to network ground terminal. 

. Test one pin at a time. 

. Measured with Vi. applied to CE and a logic high stored. 

. Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor to Voc. 

. Duration of short circuit should not exceed 1 second. 

. loc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open. 


ONO & © MH 
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Product Specification 


Field-Programmable Logic 


Array (16 X 48 X 8) 


PLS100/PLS104 


LOGIC PROGRAMMING 
The FPLA can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR/EX- 
OR gate input connections necessary to im- 
plement the desired logic function are coded 
directly from logic equations using the Pro- 
gram Table. 


In this Table the logic state or action of 
variables |, P, and F, associated with each 
Sum Term Sp, is assigned a symbol which 
results in the proper fusing pattern of corre- 
sponding link pairs, defined as follows: 


"AND" ARRAY - (I) 


P 


LS02311S 


"OR" ARRAY - (F) 


P 
Ss 
LS02010S 


[_P, Status | CODE | 
active’ | A | 


NOTES: 


OUTPUT POLARITY - (F) 


| ACTIVE LEVEL CODE 


LOW 


STATE 
DON'T CARE | — 


LS023415 


[—#, Status | CODE | 
[wate | ° 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) 


AND gates Pp. 


2. Any gate P, will be unconditionally inhibited if any one of its (i) link pairs is left intact. 
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Field-Programmable Logic 
Array (16 X 48 X 8) 


Product Specification 


PLS100/PLS104 


TEST LOAD CIRCUIT 


Be 
= = (wciuoes 
SCOPE AND JIG 
CAPACITANCE) 


TC016518 TC016618 


1.5V 1.5V 
ov 

tce top 
Vou 
Md one 

— tap ——— 
WF06502S 
Read Cycle 
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VOLTAGE WAVEFORM 


MEASUREMENTS: 


All circuit delays are measured at the + 1.5V level 
of inputs and outputs, unless otherwise specified. 


input Pulses 


TIMING DEFINITIONS 
tce Delay between beginning of Chip 
Enable low (with Input valid) and 
when Data Output becomes valid. 
top Delay between when Chip Enable 
becomes High and Data Output is 
in off state (Hi-Z or High). 
tpp Delay between beginning of valid 
Input (with Chip Enable Low) and 
when Data Output becomes valid. 


VIRGIN STATE 

The PLS100/101 virgin devices are factory 
shipped in an unprogrammed state, with all 
fuses intact, such that: 


1. All P,, terms are disabled (inactive). 
2. All P, terms are active on all outputs. 
3. All outputs are Active-High. 


O86 ‘6} JequueAcN 


6-9 


soes og 


Satis ti creas aE RRES 
PURCHASE ORDER # Prod. Term Prod. Term Not Active Active 
CUSTOMER SYMBOLIZED PART #____ se a 
TOTAL NUMBER OF PARTS _ NOTES 

PROGRAM TABLE # 


NOTES 


1. Sealey programmed once oo 


JTaVL WVEDO"d Vida 


$e ~ 
Rees Fr SECT A ARSE RISERS AARC Cea E RRL OPER RRR Ree RRR 
Paes Es a EER ER ARERR EEPE REP EE Ree eRe RRA Ree Ree 
a nee tpt beet =15 
ee Ce eS ee eas aig 
Seen ESASUSBURBWOBUOGUROUWGRTEBUGESORISRLOTSONSINEGEE wis 
mane © Eaeeeeee EH RG REEERERR EERE 
BROS RERAERLASA ARR RRA EREDAR AbaE 


(8 < 8p x 9}) ADU 


91607] siqouwuwn/bolg-pjel4 


LOVS1d/001S1d 


28 ac MERRION LEONE ETE FT SETTER PATRIA BELSON PYAR DET SOCIAL PA cP PRS SEE A EE SE SY iA AS TCA APN PE TEE PE GP A SE RP EP TES RS 5 SS ODP ESSA NASP TOETS 


BZ SCUOS @ SJONPO!g SyIOeds UOWoOoIIddy soyeuBis 


UOWOoOWIOeds jonpoldg 


signetics 


Application Specific Products 
® Series 28 


DESCRIPTION 


The PLS103 is a bipolar, fuse Program- 
mable Gate Array. The device consists 
of nine AND/NAND gates which share 
16 common inputs. The type of gate is 
selected by programming the output as 
Active-High (H) or Active-Low (L). Each 
of the 16 inputs Ip-1l45 can be pro- 
grammed to provide the True (H), Com- 
plement (L), or Don't Care (—) state to 
each of the nine AND/NAND gates. OR/ 
NOR logic functions can also be imple- 
mented by complementing the inputs 
and outputs via on-chip inverting buffers. 


The device is field programmable, which 
means that custom patterns are immedi- 
ately available. 


The PLS103 includes chip-enable con- 
trol for output strobing and inhibit. It 
features Tri-state outputs for ease of 
expansion of input variables and applica- 
tion in bus-organized systems. 


Order codes are contained on the pages 
following. 


FUNCTIONAL DIAGRAM 


PLS103 


Field-Programmable Gate 
Array (16 X 9 X 9) 


Signetics Programmable Logic 


Product Specification 


FEATURES 

e Field-Programmable (Ni-Cr link) 
e 16 input variables 

e 9 output functions 

© Chip Enable input 


e I/O propagation delay: 35ns 
(max.) 


e Power dissipation: 600mW (typ.) 
e@ Input loading: -100uA (max.) 


© Tri-state outputs 


e Output disable function: Hi-Z 
e Fully TTL compatible 


APPLICATIONS 

e Random logic 

e Address decoders 

e Code detectors 

e Peripheral selectors 

© Fault monitors 

@ Machine state decoders 


Typical Connection 


Fusible Ni-Cr links are initially intact at all array cross-points. 
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PIN CONFIGURATIONS 


N Package 


A Package 


Fy Fe lo Wy 


CE Ns Na yg ho tha hho 
TOP VIEW 


A= Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL OUTPUT FUNCTIONS: 


1. For each of the 9 outputs, either function X (Active- 
High) or X (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
EX-OR gates. 

2. X, A, B, C, etc. are user defined connections to 
fixed inputs (I) and output pins (O). 
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Field-Programmable Gate 
Array (16 x 9 X 9) 


FPGA LOGIC DIAGRAM 


(LOGIC GATES—G) ——____—_—__--——8 


n link float to a logic "1". 
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Field-Programmable Gate 
Array (16 X 9 X 9) alias 


ORDERING INFORMATION THERMAL RATINGS 
| TEMPERATURE 


DESCRIPTION ORDER CODE 


28-pin Plastic DIP 600mil-wide PLS103N 
28-pin Plastic Leaded Chip Carrier PLS103A 


ABSOLUTE MAXIMUM RATINGS 


RATING 
SYMBOL PARAMETER 


Input voltage ee 
Output voltage po 


Output current 


Temperature range 
Operating 
Storage 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS min | typ? | UNIT 


Input voltage’ 
Voc = Max 
Voc = Min 
Voc = Min, lj =-12mA 


Output voltage’ 


Voc = Min 
VoH High? lon =-2mA 
Vor Low* lo. = 9.6mA 


Input current 


High Vin = 5.5V 
| Low Vin = 0.45V 


Output current 


CE = High, Vcc = Max 
lOo(OFF) Hi-Z state Vout = 5.5V 
Vout = 0.45V 

Short circuit?® CE = Low, Vout = OV 


los 


Capacitance 


Cin 
Cout 
Notes on following page. 
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Signetics Application Specific Products @ Series 28 Product Specification 


Field-Programmable Gate 
p 
Array (16 x 9 X 9) me 


AC ELECTRICAL CHARACTERISTICS R, = 4702, Ro = 1kQ, C, = 30pF, 0°C < Ty, < + 75°C, 4.75V < ‘aaa ge 5.25V 


} omits 
SYMBOL PARAMETER Twin | typ? | Max | UNIT 


Propagation delay 


Disable time. 


NOTES: 

. All voltage values are with respect to network ground terminal. 

. All typical values are at Voc = 5V, Ta = + 25°C. 

. Test one pin at a time. 

. Measure with a programmed logic condition for which the output under test is at a low logic level. Output sink current is supplied through a resistor to Vcc. 

Measured with Vi; applied to CE and a logic high at the output. 

. Duration of short circuit should not exceed 1 second. 

. Icc is measured with the outputs open. 

. Stresses above those listed under "Absolute Maximum Ratings '' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other conditions above those listed in the operational and programming specification of the device is not implied. 


ONOnnon = 
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Field-Programmable Gate 


Anray (16 x 9X 9) elias 


TEST LOAD CIRCUIT | VOLTAGE WAVEFORM 


Ry 
CE 1.5V 1.5V 


toe — 


-_ Se— 


=<VOL 


11. 
:i* 


(INCLUDES 
SCOPE .AND JIG 
CAPACITANCE) 


10016408 


TC1631SS WF055118 


All inputs: t, = t= 5ns (10% to 90%) 


_ LOGIC PROGRAMMING 


Ina virgin device all Ni-Cr links are intact. 


~The FPGA can be programmed by means of . )>- F 
Logic programming equipment. 
With Logic programming, the AND/EX-OR . +. 


gate input connections necessary to imple- 
. ment the desired logic function are coded 


directly from logic equations using the Pro- CODE | ACTIVELeveL | LEVEL 
“gram Table. . 
. HIGH | oH ae 
In this table, the logic state of variables | and 


F associated with each P-term P, is assigned [HH = eeesesesesSsCS<;<C ennai 
a symbol which results in the proper fusing . 

pattern of corresponding link pairs, defined as 

follows: 


— "AND" ARRAY - (1), (P) | ; 


| Inactive’? 2 @) , DON’T CARE Lo | 


LS02310S LS02340S 


NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate G, will be unconditionally inhibited if both the true and complement fuses of any input (I) are left intact. 


VIRGIN STATE 

The PLS103 virgin device is factory shipped 

in an unprogrammed state, with all fuses 
intact, such that: 


1. Ali P, terms are disabled (inactive). 
2.. All P,, terms are active on all outputs. 
3. All outputs are Active-Low. 
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Field-Programmable Gate PLS103 
Array (16 x 9 X 9) 


FPGA PROGRAM TABLE 


CUSTOMER NAME THIS PORTION TO BE COMPLETED BY SIGNETICS 
PURCHASE ORDER # | CF XXXX) — 
SIGNETICS DEVICE # | CUSTOMER SYMBOLIZED PART 8 

TOTAL NUMBER OF PARTS | ; DATE RECEIVED 

PROGRAM TABLE # Ws COMMENTS 


vn 


nN 


2 
7 


VARIABLE 
NAME 


PROGRAM TABLE ENTRIES RAM TABLE ENTRIES CONTROL 
NOTES: asia kes ae ma a 
1. The FPGA is shipped with ail links intact. Thus a beckground of 
entries corresponding to states of virgin links exists in the table, 
shown BLANK for clarity. 
2. Unused Inputs are normally programmed Don't Care (-—). 
3. Unused Gates can be left blank. 


+ 
oa 


LDO2260S 
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Application Specific Products 
® Series 28 


DESCRIPTION 


The PLS105 is a bipolar programmable 
state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user prograrnmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec- 
tively of 6 Qp, and 8 Qr edge-triggered, 
clocked S/R flip-flops, with an Asyn- 
chronous Preset option. All flip-flops are 
unconditionally preset to ''1'' during 
power turn on. 


The AND array combines 16 external 
inputs Io. 45 with six internal inputs 
Po _.5, which are fed back from the State 
Registers to form up to 48 transition 
terms (AND terms). Ail transition terms 
can include True, False, or Don't Care 
states of the controlling variables, and 
are merged in the OR array to issue 
next-state and next-output commands to 
their respective registers on the Low-to- 
High transition of the Clock pulse. Both 
True and Complement transition terms 
can be generated by optional use of the 
internal input variable (C) from the Com- 
plement Array. Also, if desired, the Pre- 
set input can be converted to Output 
Enable function, as an additional user- 
programmable option. 


Order codes are contained on the pages 
following. 


FUNCTIONAL DIAGRAM 


harem neni mane M9 hin AAA AeA ORE NSCS ORATOR TPS RT ett i eS 


LOGIC TERMS 


VQ Ye ee vee me omer we ee ee 


Gat 
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PLS105 


Field-Programmable Logic 
Sequencer (16 x 48 x 8) 


Signetics Programmable Logic 
Product Specification 


FEATURES 

e Field-Programmable (Ni-Cr link) 

® 16 input variables 

® 8 output functions 

@ 48 transition terms 

@ 6-bit State Register 

® 8-bit Output Register 

e Transition Complement Array 

e Positive edge-triggered clocked 
flip-flops 

e Programmable Asynchronous 
Preset or Output Enable 


@ Power-on preset to all ''1"' of 
internal registers 


® fuax = 13.9MHz 

® Power dissipation: 600mW (typ.) 
e TTL compatible 

e Single +5V supply 

© Tri-state outputs 


APPLICATIONS 

e Interface protocois 

@ Sequence detectors 

© Peripheral controllers 

e Timing generators 

® Sequential circuits 

e Elevator controllers 

e Security locking systems 
® Counters 

@ Shift registers 


PIN CONFIGURATIONS 
N Package 


CD04961S 
N = Plastic 


A Package 


PRIOE Is Iya 143 Iya haa 0 


CD04970S 


A= Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


Typical State Transition: 


Q2 ai Qo 
(sn) PRESENT STATE 
STATE REGISTER WesecCe... 


G) rere 


SET Qo: Sy = (Q,° A,° Gy) *AeBeC... 


Ry = 0 


RESET Q,: S,=0_ oe? oe eas 
R, = (G,°Q,eQ)*AeBeC... 


HOLD Q,: S,=0 
Ry =0 
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Field-Programmable Logic Sequencer (16 Xx 48 X 8) PLS105 


PIN DESCRIPTION 


== SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 15 external inputs to the AND array used to program jump conditions} Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when| Active-High/Low 
exercised with standard TTL levels. When lo is held at + 10V, device outputs Fo _ 5 reflect 

the contents of State Register bits Po_5. The contents of each Output Register remains 

unaltered. 


Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of Active-High 
Output Register bits Qo. 7, when enabled. When Ip is held at + 10V, Fo_5 = (Po-_5), and 
Fe 7= Logic "1". 


Preset or Output Enable Input: A user programmable function: 

e Preset: Provides an Asynchronous Preset to logic ''1"' of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Fo_7 are 
High. Normal clocking resumes with the first full clock pulse following a High-to-Low 
clock transition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers Fo _7 from the Active-Low (L) 
Output Register. 


TRUTH ——o sis a i VIRGIN STATE 
A factory shipped virgin device contains all 
| OPTION fusible links intact, such that: 
1. PR/OE option is set to PR. Thus, all 
outputs will be at ''1'’, as preset by initial SEE 


power-up procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 

_ Array pre-programmed with a standard 

test pattern. 
NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
when using Signetics qualified program- 
ming equipment. 


<x), nomeno | CK UK OK OK OK Ox 
<x); Dorm l KK KI KK x 
xj)oroce | KKK KK XK 


L 
L 
L 
L 
L 


NOTES: 
1. Positive Logic: 
S/R =To + 11+ Tot... + 147 
Th = Cll ty Io...) (Po Py...P5) 
. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user-programmable option. 
denotes transition from Low to High level. 
. R = S = High is an illegal input condition. 
* = H/L/+10V 
. X= Don't Care (<5.5V) 


Nh 


On wW 
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Field-Programmable Logic Sequencer (16 x 48 xX 8) PLS105 


FPLS LOGIC DIAGRAM 


e—_————_ —(LOGIC TERMS - 1) 


- iaasiaamaananaae 
et cenoe 


sonore 


Lo eae 
a Clin 
Hota | 
eae 
ee I 
e ‘fiend +-Lie] Fo 
Hotel] 
Ls] awe) 117} Fs 
ioe tt 
ia 16] Fe 
Sta sel. | 
i—a 15] Fs 
| ; Uist il 
lea 13 | Fe 
=e olen 12] Fs 
00 wot tlt 
Mia 111 Fe 
lie lt 
| ts ol, 
: Toth el ‘= 


NOTES: 

1. All AND inputs with a blown link float to a logic 1" 
2. All OR cone sees with a meted link float to logic ' ‘o". 
3. © Brioramimabie eonnectan: | 
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Field-Programmable Logic Sequencer (16 < 48 x 8) PLS105 


ORDERING INFORMATION | THERMAL RATINGS 


Allowable thermal rise 


ABSOLUTE MAXIMUM RATINGS! ambient to junction 75°C 


RATING 
SYMBOL PARAMETER 


Supply voltage 


TEMPERATURE 


Output currents 


Temperature range 
Operating 
Storage 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage” 


Voc = Max 
Voc = Min 
Voc = Min, Iq = —-12MmA 


Voc = Min 
lon = -2mA 
lo. = 9.6mA 


Vin = 5.5V 
Vin = 0.45V 
Vin = 0.45V 


Voc = Max 
Hi-Z state” Vout = 5.5V 
Vout = 0.45V 

Short circuit*® Vout = OV 


los 
Se OT a a Le KS ee 


Capacitance’ 


Voc = 5.0V | 
Cin Vin = 2.0V pF 
Court Vout ™ 2.0V | 


See Notes on following page. 
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Field-Programmable Logic Sequencer (16 < 48 xX 8) ~  PLS4105 


NOTES: 

1. Stresses above those listed under ''Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at Voc = 5V, Ta = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with Vi. applied to OE and a logic high stored, or with Vi applied to PR. 

6, Measured with a programmed logic condition for which the output is at a low logic level, and V\, applied to PR/OE Output sink current is supplied through a resistor 
to Voc. 

7. Measured with Vy applied to PR/OE. 

8. Duration of short circuit should not exceed 1 second. 

9. loc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


AC ELECTRICAL CHARACTERISTICS R, = 470, Re = 1kQ, C, = 30pF, 0°C <Ta <+75°C, 4.75V < pete 5.25V 


/ oumits | 
SYMBOL PARAMETER Twin | typt | Max | UNIT 


Pulse width 


Clock? high 
Clock low 
Period (without Complement Array) 
Period (with Complement Array) 
Preset pulse 


Input 
Input 
input 
Input (through Complement Array) 
Input (through Complement Array) 
Input (through Complement Array) 
Power-on preset 

Preset 


Clock 
Output enable 
Output disable 
Preset 
Power-on preset 


Output + 
Output — 
Output + 
Output + 
Output + 


Frequency of operation? 


fuaxC Without Complement Array 13.9 MHz 
fuaxC With Complement Array 9.8 


NOTES: 

1. All typical values are at Voc = 5V, Ta = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% -90%) < 30ns. 
3. See "Speed: vs. OR Loading'’ diagrams. 
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Field-Programmable Logic Sequencer (16 X< 48 xX 8) 


TIMING DIAGRAMS 


= tin ca tig ——» 
1.5V 


= tig§ ——e|—— toy —e 


| +3V 
1.5V 1.5V 
| 


CLK 
~<«—t CKL—> 


OV 


Bs 
toe 


WF06851S 


Sequential Mode 


}-—— tex —| 


1.5V 


vf Naw fw \ 
toKH ee ECKL 


1.5V 1.5V 1.5V 
VoL 
ters t | 


SS ee ay 
1.5V 7 1.5V \\ 1.5V 
PR ov 


— SPR 


CLK | 
ea tis eletcKo= 


WF06861S 


Asynchronous Preset 


WF06871S 


Power-On Preset 
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PLS105 


TIMING DEFINITIONS 


tCKH 

tCKL 

tcKp1 
tis 


tcKp2 


tise 


tvs 


tpRs 


tH 


tcKo 


toe 


top 


tSRE 


tsRD 


tpR 


tppR 


tpRH 
fax 


Width of input clock pulse. 
Interval between clock pulses. 
Clock period—- when not using 
Complement Array. 

Required delay between beginning 
of valid input and positive transition 
of Clock. 

Clock period —- when using Comple- 
ment Array. 

Required delay between beginning 
of valid input and positive transition 
of Clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND Array). 
Required delay between Vcc (after 
power-on) and negative transition 
of Clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of Asynchronous Preset 
and negative transition of Clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of Clock and end of valid 
Input data. 

Delay between positive transition of 
clock and when outputs become 
valid (with PR/OE low). 

Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input Ip transition to 
Diagnostic Mode and when the 
Outputs reflect the contents of the 
State Register. 

Delay between input Ip transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 

Delay between Vcc (after power- 
on) and when Outputs become pre- 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 
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Field-Programmable Logic Sequencer (16 < 48 X 8) PLS105 


TIMING DIAGRAMS (Continued) 


INTERNAL 
STATE REG 


M15V (Fy 44) 


Diagnostic Mode 


TEST LOAD CIRCUIT 


CL 


it (INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 
TC02341S TC023508 
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VOLTAGE WAVEFORM 


WF05390S 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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Field-Programmable Logic Sequencer (16 < 48 X 8) PLS105 


SPEED VS. ''OR" LOADING 


The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by: 


(1/fax) = tcy = tis + texo 


This frequency depends on the number of 
transition terms T, used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 


line affects tig, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1, showing the variation of tis; with 
the number of terms connected per OR. 


The AC electrical characteristics contain 
three limits for the parameters t\g; and tsp. 
The first, tis; iS guaranteed for a device 
with 48 terms connected to any OR line. 
tisig is guaranteed for a device with 32 
terms connected to any OR line. And tisic 
is guaranteed for a device with 24 terms 
connected to any OR line. 


November 19, 1986 


TERMS CONNECTED/OR 
OPo1261S 


Figure 1. tis; vs. Terms/OR 
Connected 


The three other entries in the AC table, tiso 
A, B, and C are corresponding 48, 32, and 
24 term limits when using the on-chip 
Complement Array. 


The worst case tig for a given application 
can be determined by identifying the OR 
line with the maximum number of t, con- 
nections. This can be done by referring to 
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the interconnect pattern in the FPLS logic 
diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H"' 
or"'L"' entries in one of the columns of the 
device Program Table. 


This number plotted on the curve in Figure 
1 will yield the worst case tig and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 


‘TRANSITION TERMS T, 


(4) 


TERMS/OR (2) can 


USED 
AFO1810S 


Figure 2. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING PRESET/OE OPTION - (P/E) 


The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program rar 


Table on the following page. LS01610 1801820 


In this Table, the logic state or action of pa OEM | CODE | OPTION ~—_|{_CODE | 
control variables C, |, P, N, and F, associated [| PRESET’ | OH hee ie | 


with each Transition Term Ty, is assigned @ ppogRAMMING THE PLS105: 


symbol which results in the proper fusing The PLS105 has a power-up preset feature. This feature insures that the device will power-up in a known 

pattern of corresponding links, defined as state with all register elements (state and output register) at a logic High (H). When programming the device it 

follows: is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 


"AND" ARRAY - (I), (P) 


LP P ; ,P . 
ip ip 
T, Th 


L$01850S LS018408 


[State | CODE [STATE | CODE | 
INACTIVE’? | Oo | DON'T CARE | - | 


"OR" ARRAY —(N), (F) 


LSo1890S 


[_AcTION | CODE ] [_AeTION | CODE] [aeTion | Cove | [Action | cone | 
[—wactive™™ [0 | set | 4 


"COMPLEMENT" ARRAY - (C) 


¢ : 
c Cc c 
T, Th 


L$01930S 7 LS019208 


ACTION | CODE | ACTION | CODE | 
INACTIVE’ | Oo | GENERATE PROPAGATE TRANSPARENT | - | 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T,, will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty. . 


November 19, 1986 6-24 


Signetics Application Specific Products @ Series 28 Product Specification 
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FPLS PROGRAM TABLE PROGRAM TABLE ENTRIES 


CUSTOMER NAME 
PURCHASE ORDER # 

SIGNETICS OEVICE # CF (XXXxX) 
CUSTOMER SYMBOLIZED PART # __ 
TOTAL NUMBER OF PARTS 

PROGRAM TABLE 


HE ee ae 
R 
M 110 §/4/3[2)1]0 
9 Tt Ee RN FS OG Cl Ge 
Sr a a i ae Te ie ae oe ee 
ee ee ee os eo eae 
SR a A SO Pe a or 
ea a ee eck ee 
ee a a Se a Sa Sa 6 Gk CE TG 
OE GT I GN AN I ES ace SD A RG Ce Ge OS TD 
Be OS ee DE EL ae es a ae a ed as a rs Sa Gas GR ae ae Se ee ee 
GD - Ph ee fe 
Cl A Ce NO i a eee ag aes a el a Dea 
i {a IE = | ANN AN Oe cn A 
TCS SN Ss HN (PE od es Ee a a 
Paget) i om Pe ee ee ee ee 
eX + TO Pe ld 
eye alo ge le ok ee 
{ova SR) CS A CO Ee ea ee eh ge se 
ie ee eo ge oe i er ee ee 
a el ae a SPS Pa ae ee ee ge 
| a SD a id CEE BY SEES le Se A 
| a GS GY RE A Od = ee ee ee ee 
| a a oe ee es SS OO 
rite oe ee ne 25 ae es BR 
Pa eo ee ee Pe 
eet We ee ee er oe it Po ee 
Eee eel oe oe Pe ee ee 
i Py bog ree ig re ee ee Pe 
ee ee ee 
ge ge eg ia se aaa aa Sn ae es 2 Gee aS Be (a Ce WS 
; a OR Va ES GE a ee er ed ee ee 
eS al a - e Bete ee Oe OS es 
2 eG Ge Ge DS Ms ee et eg 
ee ae lo et 
ae a ie Bie eee ee en ne ee Poe ee 
Rs ey a  _H CR GS 
ee et le ee eo ee on 
2 eS A NN T_T GE Se ee ae ee ee 
ss a es ee 
Pe ee | eat se 
eS ar BE A RT Sa Oe aN NNR NC TD 
Re |e ee oe Eee + RS CS GE aia Ge De Se 
5 a a Oa as Sasa Cs ee eG 
5 a ee ee 
OS AG AR een SmemaeREN Be OS ae! Er ca a a 
See aacecacinaaitae fl ss Ce Semmes Rea et ev tt Gt Ga-s0 eo s W 
Sea GGE CRE IAAT ARR a ae eS ee 
Sa SS GS RNA) ie a Ka a BOA 


ee 
48 ed ead 
BE 
ae 


LD02251S 


VARIABLE 
NAME 


NOTES: 

1. The FPLS is shipped with all links initially intact. Thus, a background of ''0"' for all Terms, and an ''H" for the P/E option, exits in the table, shown BLANK instead for clarity. 
2. Unused Cn im, and Ps bits are normally programmed Don't Care (-). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 

4. Letters in variable fields are used as identifiers by logic type programmed. 
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TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 


on-chip test array. 6 


(1, + F,)/F, 


The array consists of test transition terms 48 


and 49, factory programmed as shown below. = ae 
(1, ° FF (1- FF, 


Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to (ss ) 
lo.15 aS shown in the test circuit timing dia- Y7) (+ F,/F, 


gram. 
AF01820S 


State Diagram 


TC01597S 


FPLS Under Test 


TEST ARRAY PROGRAM 


INPUT (tm) 


019;8{|7 1 § 1/4 {3 /|2 ${/4/3{2/1/0/7j,;6/514]3 
FC CECREECACECHCECHCHCEC ACH 
cfejetetetegete dete fete tete} [atw [ato [a [on To [of Tn Te Te Te [os | 


7801760S 


Test Array Program 


+5V 


Voc 
ov 
Vin 
CK 
Vi 
Both terms 48 and 49 must be deleted during Vin 
user programming to avoid interfering with the — Ve 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. For © 
ov 
STATE airaemioreiaesace § | (oman HIGH 
HES TE XS Gs es et era ea Low 
WF05377S 
Test Circuit Timing Diagram 
TEST ARRAY DELETED eT anes 
Dee ee ON 


PRESENT STATE (Ps) NEXT STATE (Ne) OUTPUT (Fn 
2/11{0;5 {4 [1 To a{sl2l1lo{7]le(s 


4{3/2/1{0 
icf fee ee ee cHcNcH eee SSSSS53355 
etetetetetete tele fetetetetetete te feted SSSSSSS223253358 


TB01750S 


Test Array Deleted 
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DESCRIPTION 


The PLS105A is a bipolar programmable 
state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec- 
tively of 6 Q,, and 8 Qr edge-triggered, 
clocked S/R flip-flops, with an Asyn- 
chronous Preset option. All flip-flops are 
unconditionally preset to ‘'1'' during 
power turn on. 


The AND array combines 16 external 
inputs lo _ 45 with 6 internal inputs Po _ 5, 
which are fed back from the State Regis- 
ters to form up to 48 Transition terms 
(AND terms). All Transition terms can 
include True, False, or Don't Care states 
of the controlling variables, and are 
merged in the OR array to issue next- 


state and next-output commands to their 


respective registers on the Low-to-High 
transition of the Clock pulse. Both True 
and Complement Transition terms can 
be generated by optional use of the 
internal input variable (C) from the Com- 
plement Array. Also, if desired, the Pre- 
set input can be converted to Output- 
Enable function, as an additional user 
programmable option. 


Order codes are contained on the pages 
following. 


FUNCTIONAL DIAGRAM 


LOGIC TERMS 
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PLS105A 


Field-Programmable Logic 
Sequencer (16 < 48 xX 8) 


Signetics Programmable Logic 


Product Specification 


FEATURES 

e Field-Programmable (Ni-Cr link) 

e 16 input variables 

® 8 output functions 

e 48 transition terms 

e 6-bit State Register 

e 8-bit Output Register 

e Transition complement array 

e Positive edge-triggered clocked 
flip-flops . 

e Programmable Asynchronous 
Preset or Output Enable 


@ Power-on preset to all ''1" of 
internal registers 


© fuax = 20MHz 

e Power dissipation: 600mW (typ.) 
e TTL compatible 

e Single +5V supply 

e Tri-state outputs 


APPLICATIONS 

e Interface protocols 

e Sequence detectors 

e@ Peripheral controllers 

e Timing generators 

e Sequential circuits 

e Elevator controllers 

e Security locking systems 
e Counters 

e Shift registers 


PIN CONFIGURATIONS 


N Package 


PRIOE ys tq 43 42 ha bo 


A= Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


Typical State Transition: 


Q2 Qi QO 
(G,) enesens svat 


STATE REGISTER 


SET Qo: Sy = (Q,° Q,°Qy) *AS BOC... 
Ry =0 


RESET Q,: S,=0_ bss oe 
R, = (Q,°Q,¢Q,)eAeBec.. 


HOLD Q,: S,=0 
R,=0 


853-0394 86602 
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Field-Programmable Logic Sequencer (16 x 48 X 8) PLS105A 


PIN DESCRIPTION 


| PIN NO. | SYMBOL NAME AND FUNCTION POLARITY 
1 CK: 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 


Logic Inputs: The 15 external inputs to the AND array used to program jump conditions| Active-High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when| Active-High/Low 
exercised with standard TTL levels. When Ip is held at + 10V, device outputs Fo_ 5 reflect 
the contents of State Register bits Po_5. The contents of each Output Register remains 
unaltered. 


Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of Active-High 
Output Register bits Qg_7, when enabled. When Ig is held at + 10V, Fo_5 = (Po-s5), and 
Fg 7= Logic ''1". 


Preset or Output Enable Input: A user programmable function: 
e Preset: Provides an Asynchronous Preset to logic ''1'' of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Fo_7 are 
High. Normal clocking resumes with the first full clock pulse following a High-to-Low | 
clock transition, after Preset goes Low. 


e Output Enable: Provides an output enable function to buffers Fo_7 from the Output Active-Low (L) 
Register. 


TRUTH TABLE * 23456 VIRGIN STATE 


OPTION 
5 ; 
L : 
L 


A factory shipped virgin device contains all 

fusible links intact, such that: 

1. PR/OE option is set to PR. Thus, all 
outputs will be at ''1'', as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All S/R flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 

Array pre-programmed with a standard 
test pattern. 
NOTE:.The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
when using any of Signetics' qualified 
programming equipment. 


fe 


<x); Doemml|l KKK] KK XK 
x}; oro em| KKK] KK XX 


fe 


peer 


NOTES: 
1. Positive Logic: 
S/R=To9 +1, + Tot... + T47 
Th = C(lo 4 lo...) (Po P...P5) 
. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user-programmabie option. 
denotes transition from Low to High level. 
. R=S= High is an illegal input condition. 
. *=H/L/+10V 
. X=Don't Care (<5.5V) 


aw) 


Ooh 
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Field-Programmable Logic Sequencer (16 < 48 xX 8) PLS105A 


FPLS LOGIC DIAGRAM 


ga ae pe oie at ak ae Eo 
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OER ORR By SRS OER GORE 
REO BERS SIRE ORD RR BRIS CER 
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BSS HSER CORE OP PES CERF 
RGR RG BOR ORES RATS CORA RD 
RSD PE SETS IRL ER RR BARS 


OR GR ES SHOR ERE AAR ES 


ane 


deere 


it 
1 
4 
pie 
a 
fe opel 
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ae 
D ae 
a | rales 
‘ae ae 
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t 
: F 
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LD02240S 


NOTES: 
1. All AND gate inputs with a blown link float to a logic "1". 
2. All OR gate inputs with a blown fuse float to logic "0". 
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ORDERING INFORMATION : THERMAL RATINGS 


TEMPERATURE 


DESCRIPTION ORDER CODE 
28-pin Piastic DIP 600mil-wide PLS105AN 
28-pin Plastic Leaded Chip Carrier PLS105AA 


ABSOLUTE MAXIMUM RATINGS’ 


SYMBOL PARAMETER 


Temperature range 
Operating 
Storage 


: 
roe) 
ro) 
; 
> 


: LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


Input voltage® 


Voc = Max 
Vcc = Min 
Voc = Min, lw =-12mA 


Voc = Min 
lon = -2mMA 
lo. = 9.6mA 


Vin = 5.5V 
Vin = 0.45V 
Vin = 0.45V 


Voc = Max 
Hi-Z state” Vout = 5.5V 
Vout = 0.45V 
Short circuit*® Vout = 0V : 


los 
Mice [veo svn euren®@ | Voom axe —SSSS*dYSS*dt (080 | mm 


Capacitance’ 


Cin pF 
Court 


See Notes on following page. 


November 19, 1986 6-30 


Signetics Application Specific Products @ Series 28 Product Specification 


Field-Programmable Logic Sequencer (16 < 48 x 8) PLS105A 


NOTES: 

1. Stresses above those listed under ‘Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

2. All typical values are at Voc = 5V, Ta = + 25°C. 

3. All voltage values are with respect to network ground terminal. 

4. Test one at a time. 

5. Measured with Vi, applied to OE and a logic high stored, or with Vi, applied to PR. 

6. Measured with a programmed logic condition for which the output is at a low logic level, and V;,_ applied to PR/OE Output sink current is supplied through a resistor 
to Vcc. 

7. Measured with V4 applied to PR/OE. 

8. Duration of short circuit should not exceed 1 second. 

9. loc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


AC ELECTRICAL CHARACTERISTICS R, = 470Q, Ro = 1kQ, C, = 30pF, 0°C < Ta <+75°C, 4.75V <Voo <5.25V 


LIMITS 
SYMBOL PARAMETERS 


Pulse width 


Clock? high 

Clock low 

Period (without Complement Array) 
Period (with Complement Array) 
Preset pulse 


Setup time® 


input 

Input 

Input (through Complement Array) 
Input (through Complement Array) 
Power-on preset 

Preset 


Propagation delay 


Clock Output + 
Output enable Output — 
Output disable Output + 
Preset Output + 
Power-on preset Output + 


Frequency of operation 


Without Complement Array 
With Complement Array 


NOTES: 

1. All typical values are at Voc = 5V, Ta = + 25°C. 

2. To prevent spurious clocking, clock rise time (10% -90%) < 30ns. 
3. See "Speed vs. OR Loading" diagrams. 
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Field-Programmable Logic Sequencer (16 x 48 x 8) 


TIMING DIAGRAMS 


= tw ss tis =] 
1.5V 1.5V 1.5V 


7 OV 


eo tis a toy eae tex.—> 


+3V 
CLK 


<«—_______— tcxe ——_____-» 


1.5V 
tcKo> 


WF06851S 


Sequential Mode 


|-$-—— tcp —| 


| es vf Naw fa \ 
CLK ——_ Nee 
= tis at cKo >| toKH ECKL 


1.5V 
Fo.7 


WF06861S 


area 


Power-On Preset 


WF06871S 
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TIMING DEFINITIONS | 


tCKH 
tCKL 
toKp 
tis 


tcKp2 


tis2 


tvs 


tprs 


tH 


tcxo 


toe 


top 


tsRE 


tsrp 


ter 


tppR 


tPRH 
fMax 


Width of input clock pulse. 
Interval between clock pulses. 
Clock period—when not using 
Complement Array. 

Required delay between beginning 
of valid input and positive transition 
of Clock. 

Clock period — when using Com- 
plement Array. 

Required delay between beginning 
of valid Input and positive transition 
of Clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND Array). 
Required delay between Vcc (after 
power-on) and negative transition 
of Clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of Asynchronous Preset 
and negative transition of Clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of Clock and end of valid 
Input data. 

Delay between positive transition of 
Clock and when Outputs become 
valid (with PR/OE low). 

Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input Io transition to 
Diagnostic Mode and when the 
Outputs reflect the contents of the 
State Register. 

Delay between input Ip transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 

Delay between Vcc (after power- 
on) and when Outputs become pre- 
set at "1". 

Width of preset input pulse. 
Maximum clock frequency. 
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TIMING DIAGRAMS (Continued) 


INTERNAL 
STATE REG 


Diagnostic Mode 


VOLTAGE WAVEFORM 


Ct 


= (INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 
70023508 


MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level 
of inputs and outputs, unless otherwise specified. 


input Pulses 
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Field-Programmable Logic Sequencer (16 < 48 X 8) PLS105A 


SPEED VS. "OR" LOADING 


The maximum frequency at which the FPLS 
can be clocked while operating in sequen- 
tial mode is given by: 


(1/fax) = toy = tis + tcxo 


This frequency depends on the number of 
transition terms T, used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects tig due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1, showing the variation of tig; with 
the number of terms connected per OR. 


The AC electrical characteristics contain 
two limits for the parameters tis; and tiso. 
The first, tis;a is guaranteed for a device 
with 24 terms connected to any OR line. 
tisig is guaranteed for a device with 16 
terms connected to any OR line. 
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The two other entries in the AC table, tigo A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
array. 


TERMS CONNECTED/OR 


OP01251S 
Figure 1. tis; vs. Terms/OR 
Connected 


The worst case of tis for a given application 
can be determined by identifying the OR 
line with the maximum number of T, con- 
nections. This can be done by referring to 
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the interconnect pattern in the FPLS logic 
diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "'H" 
or"'L" entries in one of the columns of the 
device Program Table. 


This number plotted on the curve in Figure 
1 will yield the worst case tig and, by 
implication, the maximum clocking frequen- 
cy for reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 


(4) 


TERMS/OR (2) 


USED 
AFO1810S 


Figure 2. Typical OR Array 
Interconnect Pattern 
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PLS105A 


LOGIC PROGRAMMING 
The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table of the following page. 


In this Table, the logic state or action of 
control variables C, |, P, N, and F, associated 
with each Transition Term T,, is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links, defined as 
follows: 


"AND" ARRAY - (i), (P) 


n 
LS01850S 


[state | e008 | 
[wactve™™ [0 | 


"OR" ARRAY -(N), (F) 


ACTION 
INACTIVE"? 


"COMPLEMENT" ARRAY - (C) 


NOTES: 


[—aerion | CODE | 


PRESET/OE OPTION - (P/E) 


LS01810S 
[OPTION | CODE | 
[preser? | | 
PROGRAMMING THE PLS105A: 
The PLS105A has a power-up preset feature. This feature insures that the device will power-up in a known 


state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 


wish to use all Highs (H) as the present state. 
ip 
1,P ae 
, ip 
Tt 


Lso1840S 


[state | cone | 
[pont cane | - | 


LS01820S 


LS01900S L$01870S 


[nein | CODE | 


. ¢c 
c 
Th 


L$01920S 


[action | cone | 
[TRanspanenT | - | 


. 


Th 


LS01910S 


[aeTion | cove | 
[Propacate | «| 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates T,,. 

2. Any gate T, will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 
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FPLS PROGRAM TABLE PROGRAM TABLE ENTRIES 


CUSTOMER NAME Sts el ONO pas fei My ee ae a oe 
PURCHASE ORDER # 

SIGNETICS DEVICE # CF (XXXX) 
CUSTOMER SYMBOLIZED PART # 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE 


_ PROPAGATE 
TRANSPARENT 


eee e re 
REV ome 
sali a rs 


SS aaa eure — 
INPUT (im) PRESENT STATE (Ps) REMARKS NEXT STATE (Ns) OUTPUT (Fr) 
naa 4]3 61 5| 4) 3 


6} 4] 3, 2] 110 2} 1/0 2,1; 0 

Se Sit Ree sa ea 

a a ED SAN, eas SR) Neca Ee Cs (A 

ene ae ee eee Ge Ge Ee a ee ee ee 

Gs (EAE: RE a SA A) ERED 9H) RR OO SN 

Ibs CE: Se a Ca a egies Paces anes Sa Se as RS OG TD 

Ble Ee ee eee ees ee ee ee 

in a a ae ae Ee ee ee a ae 

= Bee eee 2 Re ee ee a a 

A et Be A A a ee ee 

= Cem Rae ee ee ee ee ee 

i ee a ae J SE iS DS el ee es BS es eS Se 

ed ae ae ene ee ee 

OEE i es GR a ee ae ae Ge Se ee 

i Ei es ORR Rei Gees Gal ee eae ie Wl SS Ea 

Cea ae a Ge ee GE Ie a a 

| 18 || hea a ee I ee a te I er 

OY cy GS Gne  l  - as ee a ee Bs eel ee 

at ae es ae ee ee ee De ee ae Ses Es A a ee 

Oe ene ee ee eee ee ee ES Ee Bee ee Rae Ge ee Se ee 

2 eee on a Se eer Re ee oe ee ee ee Rees ee a a i ae ee 

Ss a ee es ee | Exess Nii ae ee ee -———-—. | Ce OS es SS 

BEAMS eee ee re eee ee Ss ee a Re a 

+; Rl el See ee ee ee ee eee Bee ee eee Pees OS ee ee Ne ee 

_23f ty Tt DR Enh nl Rai he Rei Ss Pee Ree eee Oe Sie eee 

a {——__—~ es aed se ee 

oe ar ae ee nie ae ie a (ES 0 a se Se 

BER 

= SaaS See SSeS Sees See SS ee eee 

He et eee Sere CS (Ee ee ea Oe ee Ge OR ies Ee es ee is Be 

Gs ES ee SS Ee ee aie ee Ree Ha ie ae ee 

i: ae ee a Hae Date aie ee +} ie Sa Ge ee A EE Se 

a Se OE ee ee Ee ee) es ae is en (ee ee 

= ee Ee Se Se ee ee ee Le 2 AS oe ee ee ey eR (Rs el 

y Si eT ae eae Eells (ie Ok TE Ss ee 

* Bawa a ae Se ee ee ee ee + (ee Ca CE (A Ge A ee 

' a Es se a ee a ee he RGR mre eee ee a ee ees 

i BS Se ee a ee Re ee We OI a 

2: Sie ee ae a as ears a ee AS Raeeereeiten e oe ie Ge ee —-}- pad 

43} aah SS Siete Ree ee ee eee ie ee 

= es a SH OE CS a Ds ee (See eas ae a a a ee 

46 | jf 7 tf ft et Or Le ee ee ee ee a ee ee 
|_46 48 tt ee 5 a — 

Freee ane 


LD02251S 


VARIABLE 
NAME 


NOTES: 

1. The FPLS is shipped with all links initially intact. Thus, a background of ''0"' for all Terms, and an ''H"' for the P/E option, exits in the table, shown BLANK instead for clarity. 
2. Unsed Cy, Im, and Ps bits are normally programmed Don't Care (~). 

3. Unused Transition Terms can be left biank for future code modification, or programmed as (-) for maximum speed. 

4. Letters in variable fields are used as identifiers by logic type programmers. 
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TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 


on-chip test array. ry 


(1, + F,)/F,, 


The array consists of test transition terms 48 
and 49, factory programmed as shown below. 


Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to (ss ) 
lo-15 aS Shown in the test circuit timing dia- =) (I, + F,)/F, 


gram. 
AF01820S 


State Diagram 


7C01597S 


FPLS Under Test 


TEST ARRAY PROGRAM 


Test Array Program 


Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 


REGISTER Neue cee ea es Low 


WF05377S 


Test Circuit Timing Diagram 


TEST ARRAY DELETED [| ptionpe) 
Oda ate ae al 


INPUT (Im) PRESENT STATE (Ps) OUTPUT (Fr 


Test Array Deleted 
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DESCRIPTION 


The PLUS405A is a bipolar, programma- 
ble state machine of the Mealy type. 
Both the AND and the OR array are user 
programmable. All 64 AND gates are 
connected to the 16 external dedicated 
inputs (l9—1I45) and to the feedback 
paths of the 8 on-chip State Registers 
(Qp9 ~ Qp7). Both true and complement 
transition terms can be generated via 
optional use of the two internal Comple- 
ment Arrays (input variables Co, C4). 


All transition terms can include True, 
False and Don't Care states of the 
controlling state variables. All AND 
gates are merged into the programma- 
ble OR array to issue the next-state and 
next-output commands to their respec- 
tive registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any 
or all of the State and Output Registers. 


All state (Qpp -Qp7) and output 
(Qeo ~— Qe7) registers are edge-triggered, 
clocked J-K flip-flops, with Asynchro- 
nous Preset and Reset options. The 
PLUS405A architecture provides the 
added flexibility of the J-K toggle func- 
tion which is indeterminate on S-R flip- 
flops. Each register may be individually 
programmed such that a specific Preset- 
Reset pattern is initialized when the 
initialization pin is raised to a logic level 
"4". (Note: Upon power-up, all registers 
are unconditionally preset to ''1"'). If 
desired, the initialization input pin (INIT) 
can be converted to an Output Enable 
(OE) function as an additional user pro- 
grammable feature. 


Availability of two user programmable 
clocks allows the user to design an 
independent counter or state machine 
function that can be used to control the 
bank of output registers. 


Order codes are contained on the pages 
following. 
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PLUS405A 
Field-Programmable Logic 
Sequencer (16 X 64 X 8) 


Signetics Programmable Logic 
Preliminary Specification 


FEATURES PIN CONFIGURATIONS 


e Field-Programmable (Ti-W fusible 
link) 


e 16 input variables 

e 8 output functions 

e 64 transition terms 
© 8-bit State Register 
e 8-bit Output Register 


e@ 2 Transition complement array 
term 


@ Multiple clocks 


e Programmable Asynchronous 
Preset/Reset or Output Enable 


e Power-on preset to "1" of 
registers 


© fuax = 40MHz 

e 950mW power dissipation (typ.) 
e TTL compatible 

e J-K or S-R flip-flop functions 


N Package 


e Tri-state outputs 0114628 
e Functional superset of PLS105/ hens 
105A 
A Package 
APPLICATIONS 


Fe F t ! t 
@ Interface protocols 6 fy bb Wk 


e Sequence detectors 

@ Peripheral controllers 

e Timing generators 

@ Sequential circuits 

e Elevator controllers 

e Security locking systems 
e Counters 

e Shift registers 


INT/OE NS Iq 43 Ke Ia ho 


LOGIC FUNCTION 


NOTE: 


Typical State Transition: A= Plastic Leaded Chip Carrier 


Q2 Qt ao 
(sn) PRESENT STATE 


STATE REGISTER AeBeCe... 


6.) wecr sure 


SET Qo: So = (Q,*° Q,° Gy) SAC BOC... 
Ry =0 


RESETQ;;$=00 
Ry =(Q,°Q,¢ GQ) eA Bec... 


HOLD Q,: S,=0 
R2=0 
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PIN DESCRIPTION 


{ CK 
2, 4-9 lo—Is, I7 
26 - 27 la—lg 
21-22 Weslia 
3 l6/CK 
20 Its 
23 . Ho 
24 Fe 
25 lo 
10-13 Fo - Fy 
15-18 
19 INIT/OE 
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NAME AND FUNCTION 


Clock: The Clock input to the State and Output Registers. A Low-to-High 
transition on this line is necessary to update the contents of both registers. 


Logic Inputs: The 11 external inputs to the AND array used to program jump 
conditions between machine states, as determined by a given logic sequence. 


Logic Input/Clock: A user programmable function: 
* Logic Input: A 12th external logic input to the AND array, as above. 


* Clock: A 2nd clock for the State Registers, as above. The Output Registers 
continue to be clocked off of Pin 1. If two separate State Machines are 
designed, setup and hold times must be adhered to in order to synchronize both 
banks of registers. Note that input buffer lg must be, deleted from the AND array 
(i.e. all fuse locations ''Don't Care'') when using Pin 3 as a Clock. 


High Fan-Out Logic Input: A 13th external logic input to the AND array, as 
above. |15 is capable of pulling down all 64 Product Terms by itself. 


Logic/Diagnostic input: A 14th external logic input to the AND array, as above, 
when exercising standard TTL levels. When Iy2 is held at +10V, device outputs 

Fo-—F7 reflect the contents of State Register bits Po -P7. The contents of each 

Output Register remains unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, 
when exercising standard TTL levels. When |;; is held at +10V, device outputs 
Fo-Fy7 become direct inputs for State Register bits Po-—P7; a Low-to-High 
transition on the appropriate clock line loads the values on pins Fo—F7 into the 
State Register bits Pp -P7. The contents of each Output Register remains 
unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, 
when: exercising standard TTL levels. When |49 is held at +10V, device outputs 
Fo-F7 become direct inputs for Output Register bits Qo-Qy7; a Low-to-High 
transition on the appropriate clock line loads the values on pins Fo-F7 into the 
Output Register bits Q9-Q7. The contents of each State Register remains 
unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs 
which normally reflect the contents of Output Register Bits Qo-Q7, when 
enabled. When |yo is held at +10V, Fo-F7=(Po-—P7). When !4, is held at +10V, 
Fo ~F7 become inputs to State Register bits Pp-—P7. When liq is held at +10V, 
Fo -F7 become inputs to Output Register bits Qo —- Q7. 


initialization or Output Enable Input: 

A user programmable function: 

: Initialization: Provides an asynchronous preset to logic ''1"' or reset to logic 
"0" of all State and Output Register bits, determined individually for each register 
bit through user programming. INIT overrides Clock, and wher held HIGH, 
clocking is inhibited and Fo-F7 are in their initialization state. Normal clocking 
resumes with the first full clock pulse following a High-to-Low clock transition, 
after INIT goes low. 

* Output Enable: Provides an output enable function to buffers Fo~F7 from the 
Output Registers. 
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POLARITY 


Active - 
High 
(H) 
Active — 
High/Low 
(H/L) 


Active — 
High/Low 
(H/L) 


Active — 
High 
(H) 


Active — 
High/Low 
(H/L) 


Active - 
High/Low 
(H/L) 


Active — 


(H/L) 6 


Active — 
High/Low 
(H/L) 


Active - 
High 
(H) 


Active — 
High 
(H) 


Active — 
Low 


(L) 
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PLUS405A 


TRUTH TABLE * 2 3 4,5, 6 7 


OPTION 
| Vee 


< 


| 
< & 
pleree 7a zK «KK KL 


NOTES: 
1. Positive Logic: 
S/R (or J/K) = To + Ty + To +... Teg 
Tn = (Co, CiY(lo, I4, 12...) (Po, P4,..-P7) 
. Either Initialization (Active - High) or Output Enable (Active - Low) are available, but not both. The desired function is a user-programmable option. 
3. 1 denotes transition from Low-to-High level. 
4, * = H/L/+10V 
5. X= Don't Care (<5.5V) 
6. H/L implies that either a High or a Low can occur, depending upon user programmed selection (each State and Output Register individually programmable). 
7. When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are tri-stated and the indicated levels on the output pins are 
forced by the user. 


VIRGIN STATE 


A factory-shipped virgin device contains all 
fusible links intact, such that: 


1. INIT/OE option is set to INIT. In order to 
use the INIT function, the user must 
select either the PRESET or the RESET 
option for each flip-flop. Note that regard- 
less of the user programmed initialization, 
or even if the INIT function is not used, all 
registers are preset to ''1"’ by the power- 
up procedure. 

2. All transition terms are disabled (0). 

3. Ali S/R (or J/K) flip-flop inputs are dis- 
abled (0). 

4. The device can be clocked via a Test 
Array preprogrammed with a standard 
test pattern. NOTE: The Test Array pat- 
tern must be deleted before incorporating 
a user program. 


nm 
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FUNCTIONAL DIAGRAM 


Pes Po 


a 
V7 


ycK 


W 


_< 


V/V 
eo 


November 1986 6-41 


|o| 


Signetics Application Specific Products @ Series 28 Preliminary Specification 


Field-Programmable Logic 
405A 
Sequencer (16 X 64 X 8) PLUS405 


FPLS LOGIC DIAGRAM 
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DETAILS FOR REGISTERS FOR PLUS405A 


e e e ° e e e e@ e e e e e ee 


_ 


TO21120S 


Detail D 
Detail A 


TO INIT LINE 


STATE REGISTERS 


Detail C 
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ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
28-Pin Plastic DIP 600mil-wide PLUS405AN 
28-Pin Plastic Leaded Chip Carrier PLUS405AA 


ABSOLUTE MAXIMUM RATINGS' 


SYMBOL PARAMETER 


VIN Input voltage 
VouT 
Ta 


RATING 


Output voltage Voc 


Output currents 


Temperature range 
Operating 
Storage 


Tste 


DC ELECTRICAL CHARACTERISTICS 0°c <T, <+75°C, 4.75 < Voc <5.25V 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage® 


Voc = Max 
Voc = Min 
Voc = Min, lin =-12mA 


Voc = Min 
lon = -2mA 
lo. = 9.6mA 


Voc = Max 
Vout = 5.5V 
Vout = 0.45V 
Vout = OV 


Hi-Z state 


Short circuit*> 


Voc supply current® 


Capacitance 


Cin 
Court 
NOTES: 


Input 
Output 


THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise ‘ 
: : : 75°C 
ambient to junction 


LIMITS 


25 
-100 
~250 


1. Stresses above those listed under ''Absolute Maximum Ratings'' may cause malfunction or permanent damage to the device. This is a stress rating 
only. Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not 


implied. 
. All typical values are at Voc = 5V, Ta = + 25°C. 
. All voltage values are with respect to network ground terminal. 
. Test one at a time. 
. Duration of short circuit should not exceed 1 second. 
. log is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 


m or ® ® 
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AC ELECTRICAL CHARACTERISTICS PR, = 4702, Ro = 1k, C, = 30pF, 0°C <Ta S+75°C, 4.75°CV <Voco <5.25V 
LIMITS 

SYMBOL PARAMETERS UNIT 
Pulse width 

toKH Clock high CK- CK+ 

toKL Clock low CK+ CK- 

tcKp4 Period (without Complement Array) CK+ CK+ 

tcxpe2 Period (with Complement Array) CK+ CK+ 

tiNITH Initialization pulse INIT+ INIT— 

Setup time? 


tis4 Input CK+ 
tise Input (through Complement Array) CK+ 
tys Power-on preset CkK- 
tiniTs Initialization CK- 


Hold time 


Propagation delay 


Clock Outputt 8 10 
Output enable Output- 12 15 
Output disable Output+ . 12 15 ns 
Initialization Output+ 15 20 
Power-on preset Output+ 0 10 


Frequency of operation 


fMAx Without Complement Array 40 ve —E— 
fmax With Complement Array 28.5 6 


NOTES: ee 
1. All typical values are at Voc = 5V, Ta = + 25°C. 
2. Product term loading considerations: Connecting more than 8 toggle-mode registers to only one product term by itself may compromise the setup time 

performance. Product term loading restrictions do not apply if toggle mode functions are not used. 
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Field-Programmable Logic 
Sequencer (16 x 64 X 8) 


PLUS405A 


TIMING DIAGRAMS 


fe 1.5 
mane is tis as 
1.5V 


+3V 
1.5V 1.5V 
CLK : ov 
eo tig: —— | —— BK —e le — BK, 
<—_—__—___— tcxp ——____-_» 
—- a> a omeD aD GEE DD aD VOH 
Fo-7 1.5V. 1.5V 
| 
tcxo> armemremcamaercerennnsnnmeme YCy| 
top | 
| +3V 
oF 1.5V 1.5V 
arena 
toe 


WF06851S 


ty — bs 


WF18181S 


Asynchronous Initialization 


' 
1.5v f 


tvs ———____» 


aa 


Power-On Preset 


1.8V 


WF06871S 
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TIMING DEFINITIONS 


tckH 
tCKL 
tcKp 
tist 


tcKp2 


tis2 


tvs 


tinits 


tH 


tcxo 


toe 


top 


tsRE 


tsrD 


tiniT 


tppR 


tINITH 
tRH 


thus 


tRJH 


fax 


Width of input clock pulse. 
Interval between clock pulses. 
Clock period— when not using 
Complement Array. 

Required delay between beginning 
of valid input and positive transition 
of Clock. 

Clock period — when using Com- 
plement Array. 

Required delay between beginning 
of valid Input and positive transition 
of Clock, when using optional Com- 
plement Array (two passes neces- 
sary through the AND Array). 
Required delay between Vcc (after 
power-on) and negative transition 
of Clock preceding first reliable 
clock pulse. 

Required delay between negative 
transition of Asynchronous Initial- 
ization and negative transition of 
Clock preceding first reliable clock 
pulse. 

Required delay between positive 
transition of Clock and end of valid 
Input data. 

Delay between positive transition of 
Clock and when Outputs become 
valid (with INIT/OE low). 

Delay between beginning of Output 
Enable Low and when Outputs be- 
come valid. 

Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

Delay between input |;2 transition 
to Diagnostic Mode and when the 
Outputs reflect the contents of the 
State Register. 

Delay between input |; transition 
to Logic mode and when the Out- 
puts reflect the contents of the 
Output Register. 

Delay between positive transition of 
Initialization and when Outputs be- 
come valid. 

Delay between Vcc (after power- 
on) and when Outputs become pre- 
set at "1". 

Width of initialization input pulse. 
Required delay between positive 
transition of Clock and end of valid 
Input data when jaming data into 
State or Output Registers in diag- 
nostic mode. 

Required delay between inputs |, 
or 140 transition to State and Output 
Register Input Jam Diagnostic 
Modes, respectively, and when the 
ouput pins become available as 
inputs. 

Required delay between positive 
transition of Clock and end of in- 
puts 1,1 or lo transition to State 
and Output Register Input Jam Di- 
agnostic Modes, respectively. 
Maximum clock frequency. 
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Field-Programmable Logic SiTeAGEA 
Sequencer (16 X 64 X 8) US405 


TIMING DIAGRAMS (Continued) TEST LOAD CIRCUIT 


“INTERNAL 
STATE REG. 


= (INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 
TCO2350S 


(& UMM ——— 


Diagnostic Mode — State Register input Jam 


MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


(a) SS ‘ 


WF18210S 


Diagnostic Mode — Output Register Input Jam 
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Field-Programmable Logic 
Sequencer (16 < 64 X 8) 


PLUS405A 


LOGIC PROGRAMMING 
The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table of the following page. 


In this table, the logic state or action of 
control variables C, |, P, N, and F, associated 
with each Transition Term T,, is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 


PRESET/RESET OPTION -(P/R) 


LD06910S 


[ACTION | CODE | 
| INDETERMINATE’ | O | 


ACTION | CODE | CTION 
SET RESET 
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[AcTION | GOnE | 
[preset [iH _| 


INITIALIZATION/OE OPTION - (IN/E) 


INIT/OE 


INIT=1 


LS01612S 


INTIALIZATION' |__| 


PROGRAMMING THE PLUS405A: 

The PLUS405A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (State and Output Register) at a logic High (H). When programming the device 
it is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 


Lp06912S 


INIT 

LD06913S 
[action] CODE | 
INDETERMINATE? || - 


[_acTion | cove | 


STATE 
DON'T CARE 


1D06922S 


|__ ACTION | CODE 
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c 
c 
Th 


Field-Programmable Logic 
Sequencer (16 X< 64 X 8) 


c 
c 
Th 


PLUS405A 


"COMPLEMENT" ARRAY - (C) 


¢c 
c 
Th 


LS01930S LS01940S LS01910S LS01920S 
ACTION | CODE | ACTION | CODE ACTION | CODE | ACTION | CODE | 
INACTIVE’ | O | GENERATE | HH | PROPAGATE | ¢ | TRANSPARENT | - | 


CLOCK OPTION - (CLK1/CLK2) 


CLK2 CLK2 


CLK1 CLK1 
L0069830S LD06913S 
option | cove | OPTION | CODE 
ek? 


NOTES: 

1. This is the initial unprogrammed state of all links. It is normally associated with all unused (inactive) AND gates T,. 

2. Any gate T,, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty. 

5. These states are not allowed when using PRESET/RESET option. 

6. Input buffer lg must be deleted from the AND array (i.e. all fuse locations ''Don't Care'') when using second clock option. 

7. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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Field-Programmable Logic PLUSZO5A 
Sequencer (16 < 64 xX 8) 


PLUS405A FPLS PROGRAM TABLE 


| CUSTOMER NAME 


| SIGNETICS DEVICE ae CF (XXXX) 
| CUSTOMER SYMBOLIZED PART # 


) REV ATE 
PROGRAM TABLE 


: /OUTPUT ENABLE |i 
CLOCK 1/2 ae SO OO 


eee Cae alncramee 


FI eee 2 Ge ee ee ee ER ye SN: HAT HE SM ae De a a 

Be ee a ee ee ae Oe Se 
i ee Peete oe el) Be eee ee ese a ee pod 
35] i pp pf end nl ph a Oe a ae ee 
cE 2 eees fs ———— SN SR as SE SS a SS SA PD LT 
EA eee Bs BE OE ES De Se De em eH Oe ee 


= 
att as Go lA Oc eG Oe EAE SR SR Hee SR CR PSG Se Os ee ee 


Re SE ee ee be | eS oes ee ae ae RE 
ray a ES) Eh eS A eee RR ee NH a Ca ae See eS Sas Se DD 
EL: ARR Rs ae RIL a Ee Se ae ee GR ee ee a a Lz Sse ae Cae SE Ha 
143i ppp pat tt es BES RES as 2S Sep oe Ge ee oe eS 
Ce Ss ask ES a Pe ES ek OS SS es ae Ae ee 
CO ee ee 2 RE Oe Be ee DES FRR Fa Sy Ha HL ea ee ee Oe ae ae 
ES A as a a a De A a a SR Saas Fe a SS a Ss eS 
See Ts Ee ee et 
Xe Ee ee ee am = SG aed ORR FO, a Oe 7 a Se ES BS 
ee ee ee ae ge ee on) 
1. 0 ee TELS Pe GE DE a ea ee 
SULEE A AR LAR ae SRG SES HA ES a BL GSC Sa See mes SS A SP Ee He a ee GS 
tae Hf tt tt Go, GE ae See Ga DE, a Stel I el a ee 
5 2 SE A AS aL A ST Ce aE ee ee 
Ce ee ee), Ae ee 
ez] Dae aa eea se eeeenee A ae a ae ae a FD 4-44 


TBO3141S 
NOTES: 
1. The FPLS is shipped with all links initially intact. Thus, a background of "0" for ail Terms, and an ''H" for the IN/E and H for the clock option, exits in the table, shown BLANK instead 
for clarity. 
2. Unused C, Jm, and P, bits are normally programmed Don't Care (—). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 
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Military Errata 


Application Specific Products 


Effective October 1986, this section has been superseded by the Military Products 
Data Manual. Information regarding this manual can be obtained from the Military 
Division in Sacramento, (916) 925-6700. 

Electrical specifications herein do not necessarily describe the performance 
characterization of military processed products. 
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INDEX 


Section 8 - Development Software 
AMAZE - Automatic Map and Zap Equations Design Software 


signetics 
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SOFTWARE SUPPORT FOR 
USER PROGRAMMABLE LOGIC 
Computer Aided Design (CAD) support 
is becoming necessary to address the 
time-consuming details required by the 
more complex programmable logic de- 
vices available today. The design effort 
can include the manipulation of Boolean 
equations, truth tables, state diagrams, 
flowcharts etc, to create the binary fuse 
map required to program such devices. 


For many years, design engineers have 
used programmable read-only memories 
(PROM's) to replace conventional logic. 
The architecture of the PROM can be 
described as a programmable logic de- 
vice containing a fixed AND array fol- 
lowed by a programmable OR array. 
The fixed structure of the PROM re- 
quires a full assignment of output words 
to be programmed for every input combi- 
nation. Therefore, little use can be made 
of programmable logic software pro- 
grams for logic minimization or other 
compiling efforts when using PROM's. 


Signetics Programmable Logic Devices 
are the most advanced approach to 
solving the inherent limitations of 
PROM's. Their architecture consists of a 
programmable AND array, followed by 
a programmable OR array - with the 
addition of a programmable invert func- 
tion for flexible output control. 
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AMAZE 


Programmable Logic 
Development Software 


A Signetics PLD device can implement 
any set of Boolean expressions, provid- 
ed that they are first put into the stan- 
dard sum of products form. The logical 
AND's are implemented at the first gate 
level of the programmable logic device 
and the logical OR's are implemented by 
the second gate level within the PLD. 
The only limitations on the. expressions 
are those imposed by the number of 
inputs, outputs, and internal product 
terms provided by the particular PLD 
circuit selected. The efficiency of imple- 
menting the set of equations can be 
increased significantly by applying De- 
Morgan's theorem, and utilizing the pro- 
grammable invert function on each out- 
put. 


If there seems to be too few product 
terms to handle a relatively large equa- 
tion set, one of several minimization 
methods can be pursued. 


The probability of reducing such equa- 
tions to manageable size is enhanced 
through the flexibility of shared AND 
terms for each output function, the ac- 
cessibility of all AND terms to each 
output, and having a programmable in- 
vert function on each output. All of these 
features can be utilized by applying the 
manual manipulation of Venn Diagrams 
or Karnaugh Maps. However, the time 
and effort to accomplish these tasks as 
well as document the effort for procure- 
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ment specification purposes increase 
the need and desire to have software 
programs to automatically perform such 
manipulations. 


Many types of software programs are 
being developed to provide this assis- 
tance for operation on a wide range of 
computer hardware. This list of software 
is expanding rapidly, consisting of both 
Signetics generated software and some 
independent software houses' contribu- 
tions. 


This discussion is intended to outline the 
Signetics developed software program 
called AMAZE (Automatic Map And Zap 
Equation Entry) The AMAZE software 
program currently consists of five mod- 
ules, BLAST (‘Boolean Logic And State 
Transfer’ entry program), PTP (‘PAL To 
PLD' conversion program), DPI (‘Device 
Programmer Interface’ program), PLD 
SIM (‘PLD Simulator" program) and the 
PTE (‘Program Table Editor’ program). 
Other modules will be added when prod- 
uct developments require additional 
software tools. 


It must be noted that the AMAZE pro- 
gram is not by any means the total 
extent of software available for use in 
designing with PLD (Programmable Log- 
ic Devices). Please contact your local 
Signetics representative for the latest 
word on the most currently available 
software. 
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Programmable Logic Development Software 


AMAZE 


Description 

Automatic Map And Zap Equation Entry soft- 

ware program. The AMAZE software program 

consists of the following five modules: 

® BLAST (‘Boolean Logic And State 
Transfer’ entry program) 

@ PTE (‘Program Table Editor’) 

@ PTP (‘PAL To PLD’ conversion 
program) 

@ DPI (‘Device Programmer Interface’ 
program) 

@ PLD SIM ('PLD Simulator’ program) 

Each module performs specific tasks as out- 

lined in the following sections. 


Features 
® Multiple modules allowing expansion 
for future requirements 


@ Each module designed to be user 
friendly 


@ Both HELP and ERROR messages 

® Document printout: Header, Pin 
diagram, Boolean equation and Fuse 
map | 

® interface with most commercial 
programmers 


@ SIMULATOR programs provide both 
test and applications assistance 


Equipment 

® The PC version of AMAZE is capable 
of operating on an IBM-PC with MS- 
DOS operating system and having 
512K bytes of on-board RAM 

® The VAX version of AMAZE is 
capable of operating on a VAX 
computer with VMS operating system 

Please contact your Signetics Sales Repre- 

sentative for availability and ordering informa- 

tion. 
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Products Supported 


AMAZE will support the following products: 


@ 20-pin PLDs: 


@ 24-pin PLDs: 


@ 28-pin PLDs: 


@ 52-pin PLDs: 


PLS151 
PLS153 
PLS153A 
PLHS153 
PLUS153 
PLS155 
PLS157 
PLS159 
PLS159A 
PLHS18P8A 


PLS161 
PLS162 
PLS163 
PLS167 
PLS167A 
PLS168 
PLS168A 
PLS173 
PLUS173 
PLS179 
PLHS473 
PLC473 


PLS100 
PLS101 
PLS103 
PLS105 
PLS105A 
PLC105 
PLUS405A 


PLHS501 
PLHS502 


AMAZE 
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BLAST 

Boolean Logic And State Transfer program is 
a menu driven software package that sup- 
ports the engineer in implementing logic de- 
signs into Signetics Programmable Logic De- 
vices. It checks design data and automatically 
compiles a program table from Boolean and 
State Machine equations. Data from the pro- 
gram table is then used to produce a Stan- 
dard File which contains the fusing codes in a 
form acceptable to ail the AMAZE modules 
(i.e. PLD-SIM and DP). 


BLAST reports the logic and syntax errors, 
and lists the equations in a Sum of Products 
form, which can help the user to minimize the 
entered logic equations. It will automatically 
partition State machine designs into specified 
devices, and then delete redundant terms 
during compilation. 


BLAST also provides the capability of modify- 
ing a current logic set programmed into a 
device by overlaying new data onto unused 
fuses. 


BOOLEAN LOGIC AND STATE 
TRANSFER FEATURES 


@ User friendiy interactive pinlist editor 

® Boolean equation or state vector 
entry 

© Schematic entry (with external 
schematic capture package) 


@ On-line error checking, minimization, 
and design overlay 


@ Capable of partitioning single designs 
into multiple PLDs 


® Generates standard PLD fusemap 
files 


© Supports all Signetics' PLDs and 
PLEs 

® User definable device files for 
support of PALs and other PLD 
devices 


PTE 

Program Table Entry is an interactive editor 
which allows the logic designer to enter data 
into AMAZE in the form of SIGNETICS AP- 
PROVED PROGRAM TABLES. Each 
Signetics PLD data sheet has the program 
table format which applies to that device. In 
addition, PTE can be used to document 
completed designs and to make changes in 
logic functions which have been previously 
defined in the BLAST module. 


PROGRAM TABLE EDITOR 

FEATURES 

® Allows easy creation and editing of 
new and existing PLD designs 

@ Truth-table representation of PLD 
fusemap in High/Low format 

® On-line editor provides automatic 
cursor control and prevents syntax 
errors 

® On-line help screen and print facility 

® Operates on standard PLD fusemap 
files 


PTP 

PAL™ To PLD is a conversion program to 
allow easy transfer of the various PAL 20 and 
24 pin circuits to the Signetics PLD 20 and 24 


' pin series devices. 


PTP can automatically upload the PAL™ 
pattern from a Commercial programmer, con- 
vert the pattern into a PLD pattern, and then 
download the PLD pattern into the program- 
mer. The PAL™ pattern and it's correspond- 
ing PLD pattern are documented, and the 
PLD pattern can be directed to other AMAZE 
modules. 


~ PTP can also convert the PAL™ fuse file in a 


HEXPLOT format. 


PAL-TO-PLD CONVERSION 
FEATURES 


® Menu-driven fusemap conversion of 
20- and 24-pin PALs to pin and 
functional equivaient Signetics' PLDs 

@ Automatic assembier removes 
duplicated p-terms providing efficient 
PLD mapping 

® Accepts JEDEC, fuseplot files or 
direct PAL master input via 
commercial PLD programmer 

@ User selectable RS-232 programmable 
interface parameters 

© Provides fusemap conversion 
documentation 

® Generates standard PLD fusemap 
files compatible with other AMAZE 
modules 


DPI 

Device Programmer Interface is the software 
module that provides the interface between 
the Standard File created by the AMAZE 
modules and a commercial programmer. This 


*PAL™ and PLE™ are trademarks of Monolithic Memories, Inc. 
(** AMAZE accepts TTL schematics generated with DATA-I/O FUTURENET DASH) 
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module allows both download (Sending from 
Host to programmer) and upload (Sending 
from programmer into the host) operations. 


DPI supports both JEDEC and Signetics H & 
L formats to convey fusing information to and 
from several commercial programmers. 


DEVICE PROGRAMMER 


INTERFACE FEATURES 

@ Supports standard JEDEC and 
Signetics High/Low fusemap file 
formats 

@ RS-232 interface to commercial PLD 
programmers 


@ Screen menus for easy upload and 
download of fusemaps 


e@ User selectable RS-232 parameters 
for programmer flexibility 

@ Test vectors automatically transferred 
to programmer along with fusemap 
file 


@ Operates with standard PLD fusemap 
files 


PLD SIMULATOR 

The PLD Simulator program is a software 
package that simulates the operation of the 
logic that has been defined for Signetics PLD 
products. The input to the program is the 
Standard File generated by other AMAZE 
modules. The simulator has the capability of 
running manually or automatically. In the 
automatic mode the simulator creates a file of 
test vectors that can be used to test the 
programmed devices. In the manual mode 
the program will allow the operator to as- 
signed an input vector and observe the resul- 
tant output. 


PLD FUNCTIONAL SIMULATOR 

FEATURES 

® Functional simulation of designs 
created from equations, program 
tables, or existing programmed 
devices 

® Automatic test vector generation 
from standard or JEDEC PLD 
fusemap files 

@ interactive keyboard entry or batch 
file input of test vectors 

® Detects illegal State Machine 
transitions and flags affected p-terms 

© On-line help screen 
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AMAZE HARDWARE 


REQUIREMENTS 

P/N 

82SOFT523-SS_ IBM-PC or IBM-XT or 
compatible computer 
512K Memory 
PC-DOS Operating Sys- 
tem Version 2.0 or higher. 
2 Floppy Disk Drives or 
1 Floppy and 1 Hard disk 

82SOFT211-SS_ VAX Series Computer 
VMS operating system — 
all revisions. 

AMAZE comes fully documented with appro- 

priate magnetic media. Applications support 

is provided by Signetics Field Application 

Engineers in most areas. Contact the Sales 

Office in your area for information on AMAZE 

and Signetics Programmable Logic Products. 
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INTRODUCTION 

In multiprocessor environments there is con- 
siderable savings to be made through sharing 
system resources. If each processor must 
support its own bus structure, 1/O devices, 
and bulk storage medium, system cost could 
be very high. In the configuration shown in 
Figure 1, all processors share a common 
communication bus, and a number of system 
resources. 


Since every processor must use the common 
system bus to communicate with its peripher- 
als, a priority structure that resolves simulta- 
neous processor bus requests into a single 
bus grant must be integrated into the system. 
In addition to making request-grant transac- 
tions, transient bus contention due to grant 
switching must be removed by inserting pre- 
cise guard band times between bus grants. 


Signetics' Field Programmable Logic Se- 
quencer provides a convenient and cost- 
effective means for implementing a synchro- 
nous arbiter to perform these tasks within a 
single chip. 


AN7 


Single Chip Multiprocessor 


Arbiter 


Application Note 


ARBITER STRUCTURE 

Within a multiprocessor system, two general 
classes of processors can be recognized: 
Priority A and Priority b. Priority A processors 
have the highest request priority and must 
only compete with other Priority A processors 
for bus control. The arbiter must issue "A" 
grants in manner that prevents any high 
priority "'A’’ processor from locking out anoth- 
er Priority A processor. To enable this, the 
Priority A rules implemented here use a Last 
Granted Lowest Priority (LGLP) ring structure. 
After an "'A"' processor has completed a bus- 
related task, its next arbitrated request priority 
will be lowest in the "'A’’ request group. The 
previously second highest priority "A" pro- 
cessor will then become highest priority re- 
quester. The net effect of the "round robin" 
exchange is that every Priority A processor 
will have a turn at being highest priority 
processor. Priority A processors are typically 
ones that perform real-time operations or vital 
system tasks. 


SYSTEM ARBITER 


CHANNEL A 


G, 
— — 


GLOBAL 
RAM 
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feral 
feral 


(leer 


(leer | 


SHARED SYSTEM BUS 


| 


Priority b processors are lower in priority than 
the "'A's'’ and may only be granted system 
control when no ''A'"’ requests are pending. 
"'b" processors usually perform background 
tasks. Within the Priority b group, further 
priority ordering exists such that each ''b"” 
processor has a fixed priority position. 


Plumber', Pearce®, and Hojberg? present 
asynchronous techniques of arbiter imple- 
mentation. These methods all have hard- 
wired priority rules and imprecise guard band 
times during grant switching. As pointed out 
by Hojberg, a synchronous state machine can 
be configured as a Mealy-type controller to 
provide not only precise guard band times 
and. programmable priority rules, but also 
programmable input/output polarity. The 
state machine in Figure 2 is made from a 
control PROM array and an edge-triggered 
latch. The "A" and ''b' requests and the 
machine's present state are used by the 
control PROM to determine the next ''A" and 
"b'' grants and the next state. 


CHANNEL b 


— 
— 


Fara 
1 Fara 


MAG irr 
STORAGE DEVICES 


Figure 1. Multiprocessor Structure 
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8D01490S 
a. A and b service requests (Ry, ry) plus the present state determine, through the 
control PROM, the next state and the next grant outputs (Gy, gn). 


4) 
WFO5340S 


b. Requests Ro, R;, ro, and r; are asserted low in the same clock sample period. 
The priority rules that determine the order in which the grants are issued and the 
shaded guard-band areas are programmed into the control PROM. Note that the A 
and b request lines and the present state input to the PROM must have a set-up 
time equal or greater than the latch set-up time plus the PROM access time. 


Figure 2. Arbiter Constructed From A Mealy-Type State Machine 
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SYSTEM OPERATION 


Two machine states can be identified by 


inspection: a wait state and a grant state. The 


state machine enters a grant state as a 
response to a system request on either Ry or 
rn. The machine will remain in this state with 
a single grant line asserted as long as the 
request remains asserted. Upon releasing the 
request line, the machine will pass through a 
single wait state before considering other 
pending requests. This provides a single state 
guard band time. The requests received must 
meet the set-up requirement of the edge- 
triggered latch after propagating through the 
control PROM. If these time considerations 
do not fit within a given multiprocessor struc- 
ture, an input latch may be added such that 
the Ry and rp lines are clocked through the 
latch by the system clock, thereby removing 
asynchronous set-up time considerations. On 
the basis of a state machine approach, two 
techniques of implementation are feasible: 1) 
using an architecturally advanced single IC 
controller, the FPLS, and, 2) a traditional 
PROM/LATCH configuration. . 
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FPLS ARBITER 


IMPLEMENTATION 

A five Priority ''A" and three Priority ''b" 
arbiter will be constructed such that all grant 
outputs will be asserted low for grants and all 
request inputs will be asserted low for system 
requests. 


Brief FPLS Description 

The FPLS block diagram shown in Figure 3(a) 
consists of a control PLA and 14 clocked S/R 
flip-flops. The control PLA is actually an AND- 
OR logic array that functions as a Content 
Addressable PROM. The PLA is organized as 
48 words of 28 bits with 16 external input 
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Undefined 


NOTE: 
( tT ) denotes positive clock transition. S = R = 1 is an illegal 
input condition. 


. Transition Table of Clocked S/R Flip-Flop 


Figure 3 


lines, and six internal inputs fed back from the 
State Register. The 28 PLA outputs drive the 
S/R inputs of the six-bit State Register and 
eight-bit Output Register. Note that the state 
feedback path is made inside the FPLS. 


In and present state inputs, Ps, represent 222 
possible input codes; 48 of these codes may 
be mapped in the PLA to provide a 14 bit 
register control word. As shown in Figure 3(b) 
each input code may be specified by assign- 
ing to the variables either Low "'L",, High ''H", 
or Don't Care "-"' logic states. If any input 
code falls logically outside the programmed 
codes, the PLA asserts a Low on all its 28 
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internal outputs, thereby issuing .a 
change" command to the R/S flip-flops. 


no 


This is an important architectural feature 
because it requires that only state or output 
transition terms be programmed. Looping 
terms that change neither state nor output 
need not be programmed in the FPLS, owing 
to the functional characteristics of S/R flip- 
flops tabulated in Figure 3(c). An example of 
this is shown in Figure 4. 


The S/R inputs of both state and output 
registers are specified by using PLA outputs 
("AND" functions of request inputs and pres- 
ent state) in the program table of Figure 3(c). 
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The corresponding next state of each bit will 
be set to 0 for "L’’, 1 for "H'', and No Change 
for ''-''". The FPLS's PR/OE line may be 
assigned either Asynchronous Preset or Out- 
put Enable functions, via a user programma- 
ble option. 


The entire function is integrated into a single 
28-pin package designated as PLS105. 


State Algorithm 

Figure 5(a) displays the circular state form 
and ail possible state transitions of the LGLP 
priority structure. Hex states 3F, 3E, 3D, 3C, 
and 3B are arbiter wait states Wo _ 4. In these 
states, processor ''A'' and ''b'' requests are 
monitored. Figure 5(b) illustrates a typical 
grant to processor A, in hex state 07. As long 
as A; asserts its request line low, the next 
state will be 0746 and the next output will 
remain with G; asserted low and all the other 
grant outputs asserted high. Since no change 
in state or grant output results from this 
transition, no PLA resources are required. 


As soon as processor A, returns its request 
line, Ry, to 1, a state transition is made to 3D, 
and an output transition is. made to set all 
grant outputs to 1. Since processor A; was 
the last to be granted system resources, it will 
now have the lowest A level request priority 
(LGLP). In wait state Wo, the highest priority 
processor will be Az, second A3, third A,, and 
fourth Ap. To maintain the LGLP rule, grant 
transitions must follow the state rule 
Gn — Ww+1), and wait states, Wy, must 
set their "A" priorities so that processor Aj is 
highest priority. Priority decreases as one 
proceeds clockwise around the state ring to 
the lowest priority processor, Aim - 1). 


When no "A" requests are pending, ''b'' 
requests may be granted. To avoid upsetting 
the LGLP priority rule, a ''b'' grant must leave 
and return to the same wait state. Since the 
"b'' priority structure is the same regardless 
of the wait state, only a single set of ''b"’ 
transition terms are required. 
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NOTE: 
Tn/Fr = Inputs/outputs. 
The FPLS requires that only two out of the three transition terms be programmed. 
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Figure 4. FPLS State and Output Transitions 


For example, a grant transition to go (Hex 
20 — 25) can be issued only if there are no 
"A", "'bo'', or ''by'' requests pending. Given 
the binary wait state code 111XXX, where 
"X's'' represent Don't Cares, a request code 
of 01111111 will transfer the arbiter to the 
grant state go from any of the wait states, 
Wo -4- 


It is important to realize that in making this 
transition, the lower three-state bits will not 
be changed — they provide the wait state 
return address. When fo returns high, 
1XXXXXXX, a transition back to the previous- 
ly exited wait state is made by forcing a''1"' in 
the three most significant state bits and 
leaving the lower three-state bits unchanged. 


All output and state bits are initially preset to 
"1" through the use of the optional preset 
function. Grant output lines are only forced 
low when transitions are made to grant states 
and are returned to ''1"' when jumping back 
to a wait state. 


Table 1 provides the complete arbiter pro- 
gram. The complete arbiter circuit diagram is 
shown in Figure 6. The AMAZE equations are 
shown in Figure 7. 


PROM/LATCH 
IMPLEMENTATION 


The same five ''A" processor and three ''b"' 
processor arbiter can be implemented with 
discrete PROM's and Latches using the same 
state diagrams for the FPLS, except that now 
looping transition terms must be pro- 
grammed. Coding of all state and output 
transitions requires programming of two 
memory fields: the ''A'' request PROM's 
(2KX6) and the ''b" request PROM (64 x 3). 
The complete circuit diagram is shown in 
Figure 6(b). 


The "A" request PROM's determine the next 
machine state (Nog_5) at all times, except 
when there are no "A" requests pending and 
there is a ''b" request, or if the machine is 
presently in a ''b'' grant state. In these cases, 
the ''b'’ request PROM controls the ma- 
chine's next state. 


The grant control lines are decoded from the 
next state lines and latched in two quad 
output latches. This PROM/LATCH organiza- 
tion is conceptually the same as that shown 
in Figure 2. 
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Figure 5. Arbiter State Transition Diagram 
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Figure 6. Arbiter Circuit Diagram Summary 
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Table 1. FPLS Program Table for Priority Arbiter 
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HENHREREREEREREEREHEE ARBITERS ©60EE EERE EEE 
@DEVICE SELECTION 
ARBITERB/82S10S 
@STATE VECTORS 
C FES, FF4, FF3, FF2, FFL, FFO J 
WO = OSFh 3 , 

= OSEH 3 

z= O3Dh 3 
O3Ch 3 
O3Bh 3 
l1li---b ; 
06h 
O7h 
OEh 
OFh 

16h 
101--—b 3; 

110---b 3; 

100--—b 3 


@INPUT VECTORS 

@OUTPUT VECTORS : 
COB2, OB1, OBO, 0A4, DAS, OAZ, OAL, OA) 
QAO‘ 
QA1’ 
QA2’ 
QA3’ 
QA4 ° 
QBO' 
QB‘ 
QB2‘ = 
NOGRANT’ = FFh ; 


2° we O88 wa 20 «we 28 en 


@TRANSITIONS 
WHILE CWO] 
‘CASE 
C/RAOG] :: CGAO] WITH FQA0‘') 
C/RAL * RAO] :: CGAL] WITH CQA1‘) 
C/RAZ * RAL * RAO] :: CGA2] WITH [CQA2') 
C/RAS * RAZ * RAL * RAO] :: CGAS] WITH CQA3‘) 
C/RA4 * RAS * RAZ * RAL * RAO] :: ([GA4] WITH [QA4‘] 
ENDCASE 


WHILE (CW1] 
CASE 
C/RA1J 3:2: CGA1) WITH CQA1’) 
C/RAZ * RAL] :: CGA2] WITH CQA2‘] 
C/RAS * RAZ * RAL] :: CGAS] WITH CQA3‘') 
C/RA4 * RAS * RAZ * RAL] 2: CGA4] WITH (QA4‘) 
C/RAO * RAS * RAS * RAZ * RAL] :: CGAO] WITH [CQA0‘') 
ENDCASE 


TB00750S 


a. Arbiter State Equations 
Figure 7 
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WHILE (CW2) 
CASE 
C/RAZ} :: CGAZ) WITH [CQA2‘) 
C/RAS * RAZ} :: £CGA3] WITH [QA3‘I 
C/RA4 * RAS * RAZ] :: CGA4] WITH (CQA4‘] 
C/RAO * RAS * RAS * RAZI] :: CGAO] WITH CQA0'] 
C/RAL * RAO * RAG * RAX * RAZ] :: CGAL) WITH CQ@AI‘) 
ENDCASE 


WHILE CW3) 
CASE 
C/RA3S] :: CGA3] WITH COA3‘) 
C/RA4 * RAS] :: CGA4] WITH CQA4‘) 
C/RAO * RA4 * RAS] :: CGAOJ WITH [CQAQ'3 
C/RA1 * RAO * RAS * RAS] :: CGAL] WITH CGAL‘) 
C/RAZ * RAL * RAO * RA4 * RAS] =: CGAZ] WITH CQAZ2‘) 
ENDCASE 


WHILE (CW4] 
CASE 
C/RA4] =: CGA4] WITH CQA4‘) 
C/RAO * RA4] :: CGAO] WITH CQAO'] 
C/RAL * RAO * RA4] :: CGAL] WITH CGA‘) 
C/RAZ * RAL * RAO * RA4] :: CGAZ] WITH CQA2‘)] 
C/RAS * RAZ * RAL *#RAL * RAG] :: CGAS] WITH COA‘) 
ENDCASE 


WHILE (CWO4) 
CASE 
C/RBO * RA4 * RAS * RAZ * RAL * RAO] :: CGBO] WITH COBO’) 
C/RBL * RBO * RA4 * RAS * RAZ * RAL * RAO] :: CGB1J WITH CG@B1i‘) 
C/RB2 * REL * RBO * RA4 * RAS * RAZ * RAL * RAO] :: CGB2Z] WITH COB?) 
ENDCASE 


WHILE CGAQ) 
IF CRAQ] THEN CW1i] WITH CNOGRANT’) 


WHILE CGAL] 
IF CRA] THEN CW2] WITH CNOGRANT’ 3 


WHILE CGA2] 
IF CRAZ] THEN CW3] WITH CNOGRANT’) 


WHILE CGA31 
IF CRASS] THEN CW4] WITH CNOGRANT 


WHILE CGA4] 
IF CRA4] THEN CWO) WITH CNOGRANT’ } 


WHILE (CGRO] 
IF CRBO] THEN CGB1] WITH CNOGRANT ‘3 


WHILE CGB1] 
IF CRB1J THEN CGB2] WITH CNOGRANT‘) 


WHILE CGB2) 
IF CRB2) THEN CGBO] WITH CNOGRANT ‘) 


TB00751S 


a. Arbiter State Equations (Continued) 
Figure 7 (Continued) 
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HREFARHRBRHRHEHRHHHHR P ION LI S T t#88eb tee eeeeeneeHaen 


LABEL FNC x#PIN FNC ** LABEL 
CK +5V #*VCC 
*#N/C 
%*N/C 
##EN/C 
**N/C 
##N/C 
#*N/C 
*#N/C 
*#*N/C 
*##P RESET 
*##OAO 
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*¥#0A2 
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hoe ON © 
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Focal 
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b. Arbiter Pin List 


RREKEEEEEEREEEEKEHEHE ARBITERB EERE EEE HEE EEE 
@DEVICE TYPE 

828105 

@DRAWING 

HELAKKKKEHHH MULTI-PROCESSOR BUS ARBITOR 
GREVISION 

HRHERLHHHHRHN ARBITERB REV. O 

@DATE 

HeeeeeERHHHH JULY 26, 1985 

@SYMBOL 

KEKE RERE ARBITERB 

@COMPANY 

HEKEKEREKERE SIGNETICS 

@NAME 

ERKHKEKREEEN DAVID KK. WONG 

@DESCRIPTION 

G@INTERNAL SR FLIP FLOP LABELS 

FFO FFi FF2 FFS FF4 FFS 


@COMMON FRODUCT TERM 
@COMPLEMENT ARRAY 
@LOGIC EQUATION 
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c. Arbiter Boolean Equations 
Figure 7 (Continued) 
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Table 2. Arbiter Program Table 


HEHEHE HHKEKEKREHKEHEH ARBI TERE 166 E REE ERE EEE HEE 
Cust /Project — *##etneHEHHHH DAVID K. WONG 

Date — HHEKKHHHKHHE JULY 26, 1985 

Rev/tI. D. — HEHEHE AREBITERB REV. O 


sy 
Ww 
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SUMMARY Table 3. Design Alternatives for the Priority Arbiter 
As can be seen from the Circuit diagrams, the PARAMETER EP.LS. PROM/LATCH 
FPLS can offer significant advantages over 
discrete MSI arrays in the design of state Parts count 
machines. The tradeoff in both design alter- PCB space 


natives for the Priority Arbiter is shown in Power 
Table 2. Clearly, the FPLS approach uses Voltage 
fewer parts, with savings in PC board space 

and power requirements. 


REFERENCES 2. R.C. Pearce, J.A. Field, and W.D. Little: flicts on a Random Priority Basis''; Com- 
1. W.W. Plumber: "Asynchronous Arbiters"’; "Asynchronous Arbiter Module"; /EEE puter Design, August 1977, pp. 
IEEE Transactions on Computers, Janu- Transactions on Computers, September 120 - 123. 
ary 1972, pp. 37-42. 1975, pp. 931 - 933. 4. K. Soe Hojberg: "One-Step Programma- 
3. K. Soe Hojberg: "An Asynchronous Arbi- ble Arbiter for Multiprocessors"; Comput- 
ter Resolves Resource Allocation Con- er Design, April 1978, pp. 154 - 158. 
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INTRODUCTION 

Custom logic is expensive — too expensive if 
your production run is short. ‘Random logic’ is 
cheaper but occupies more sockets and 
board space. Signetics Programmable Logic 
bridges the gap. Using PLD, you can config- 
ure an off-the-shelf chip to perform just the 
logic functions you need. Design and devel- 
opment times are much shorter, and risk 
much lower than for custom logic. Connec- 
tions are fewer than for random logic, and, for 
all but the simplest functions, propagation 
delay is usually shorter. Yet another advan- 
tage that PLD has over custom logic is that it 
allows you to redesign the functions without 
redesigning the chip—giving you an invalu- 
able margin not only for cut-and-try during 
system development, but also for later revi- 
sion of system design. You're not tied down 
by the need to recover capital invested in a 
custom chip. 


A PLD chip is an array of logic ele- 
ments -- gates, inverters, and flip-flops, for 
instance. In the virgin state, everything is 
connected to everything else by nichrome 
fuses, and although the chip has the capacity 
to perform an extensive variety of logic func- 
tions, it doesn't have the ability to. What gives 
it that is programming: selectively blowing 
undesired fuses so that those that remain 
provide the interconnections necessary for 
the required functions. 


Signetics Series 20 PLD, named for the 
number of pins, supplements the weil-known 
Series 28. The package is smaller -— little 
more than a third the size, in fact— but the 
improved architecture, with user-programma- 
ble shared !/O. compensates for the fewer 
pins. The series comprises the following 
members, in order of increasing complexity: 
@ PLS151 — field-programmabie gate 
array 


® PLS153 - field-programmable logic 
array 
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@ PLS155 ~ field-programmable logic 
sequencer 


® PLS157 - field-programmable logic 
sequencer 


@® PLS159 - field-programmable logic 
sequencer 


Entry to all the devices is via a product matrix, 
an array of input and shared I/O lines fuse- 
connected to the multiple inputs of an array of 
AND gates (see Figures 1, 2 and 5). To 
exploit the capacity of any device, it is impor- 
tant to make the most economical use of the 
AND gates it has available. Application of de 
Morgan's theorem can heip in this. For exam- 
ple, inputs for the function 


F=A+B+C+D 


would occupy four of the AND gates of the 
product matrix. However, the same function 
rewritten as 
F=ABCD 

would occupy only one. Moreover, the sec- 
ond function could be done on the simplest of 
the Series 20 devices (and leave eleven 
gates over for other functions), whereas the 
first could not. The fact that all inputs of the 
Series 20 devices, including the shared ones, 
incorporate double buffers that make the true 
and complement forms of all input variables 
equally accessible, greatly facilitates the use 
of de Morgan's theorem for logic minimiza- 
tion. 


To convert the minimized logic equations to 
the pattern of fuses to be blown, you can use 
either a programming sheet (see e.g. Table 1) 
or Boolean equation program-entry software 
that lets you enter the equations via the 
keyboard of a terminal. The direct program- 
mability of logic equations makes system 
design with PLD simple and sure. Functional 
changes can be made by replacing one PLD 
chip by another differently programmed. In 
many cases you can even remove the original 
one, reprogram it on the spot, and re-inserrt it. 
Programming machines qualified for the Se- 
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ries 20 are at present available from DATA I/ 
O, KONTRON, and STAG. 


FPGA PLS151 

The field-programmable gate array is the 
simplest of the Series 20 PLD devices; Figure 
1 shows the functional diagram. The array 
can accept up to 18 inputs. There are six 
dedicated input pins (A) and twelve (A’') that 
can be programmed as inputs, outpuis, or 
bidirectional |/O. All input variables, whether 
on dedicated or programmed input pins, are 
available in both true and complement form in 
the product matrix (B), and both forms are 
buffered: either form can drive all 12 product 
lines if required. In the virgin state, ail the 
input variables and their complements are 
connected to all the product lines via a diode 
and a fuse (C), and the product matrix is 
effectively inoperative. To enable it to gener- 
ate the required functions, unrequired con- 
nections between individual input lines and 
product lines are severed by biowing the 
connecting fuses. 


At the output of the product mairix are 12 
NAND gates, each with 36 inputs to accom- 
modate the 18 possible input variables and 
their complements. Each of the product terms 
is normally active-Low, but a unique feature of 
Signetics PLD is that any or all of them can be 
independently programmed active-High. This 
is done by means of an array of exclusive-OR 
gates (D) at the NAND-gate outputs; when 
the fuse that grounds the second input of 
each OR gate is biown, the output of that 
gate is inverted. 


The product matrix and exclusive OR-gate 
connections shown in Figure 1 illustrate the 
flexibility conferred by having buffered com- 
plements of all input variables internally avail- 
able, together with independently program- 
mable output polarities. Output B,,, shown 
with its exclusive OR-gate fuse intact, is 
programmed 


Byi = lolils 
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NOTE: 
A, dedicated inputs; A’, prograrnmable |/O. B, product (NAND) matrix with fused connections C; each of the vertical lines in the matrix represents 36 inputs to the terminating NAND 
gated. D, exclusive-OR array with inputs grounded via fuses for polarity control. E, programmable Tri-state output buffers. F, fuse-programmable control matrix. Square dots () represent 
permanent connections; round dots (€) intact fuse connections. Connected as shown, the array is programmed ‘for the functions By; = Ig ty Ig and By = Ip I; Is. 


Figure 1. Field-Programmabie Gate Array PLS151A 
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A to F, as in Figure 1. G, sum (OR) matrix. Connected as shown, the array is programmed as a single-bit adder with Carry Enable. 


Figure 2. Field-Programmable Logic Array PLS153 


At the same time, and without using any 
additional inputs, output Bio (fuse blown) is 
programmed 


Bio = lol Is 


Each of the exclusive-OR gates drives a 
three-state output buffer. In the virgin state all 
the buffers (E) are disabled and therefore in 
the high-impedance state. The function of the 
programmable !/O pins (A') is then deter- 
mined by the I/O control matrix (F). The three 
AND gates at the control-matrix output are 
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Active-High, and when one of them is in the 
High state, the four output buffers it controls 
are enabled; the corresponding I/O pins then 
act as outputs. conversely, when a control- 
matrix AND-gate output is Low and the con- 
trol iuse for the corresponding Tri-state buffer 
is intact, the pins controlled by that gate act 
as inputs. Thus, these pins can be pro- 
grammed in groups of up to four to act as 
inputs or outputs according to the state of 
selected input variables. If required, any of 
the programmable I/O pins can be made a 
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dedicated output by blowing the control fuse 
of the output buffer associated with it. 


The speed of the FPGA compares favorably 
with TTL, although its propagation -delay is 
longer than the individual gate delay of TTL. 


When the number of inputs required is large, 


however, the FPGA more than makes up for 
this. When more than eight inputs are re- 
quired, for example, the FPGA has a distinct 
advantage. Then, the overall propagation de- 
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lay of TTL often amounts to two or three gate 
delays, but that of the FPGA to only one. 


FPLA PLS153 


Architecture 

With two levels of logic embodied in a product 
matrix terminating in 32 AND gates coupled 
to a ten-output OR matrix (Figure 2), the 
FPLA is a step up in complexity from the 
FPGA. Again, there is provision for 18 input 
variables, internally complemented and buff- 
ered, but here divided between eight dedicat- 
ed input pins and ten individually programma- 
ble 1/O pins. As before, exclusive-OR gates 
grounded by fuses provide output polarity 
control, and any of the programmable !/O 
pins can be made a dedicated output by 
blowing the control fuse of the output buffer 
associated with it. . 


Programming 

When the required functions have been de- 
fined, corresponding programming _instruc- 
tions are entered in a programming table, the 
layout of which reflects the FPLA architec- 
ture. (A Signetics computer program named 
AMAZE, which accepts Boolean equations as 
input and generates an FPLA programming 
table as output, is also available.) The pro- 
gramming machine blows the FPLA fuses in 
the pattern prescribed by the table. 


As an illustration of FPLA programming, con- 
sider a full adder. Figure 3 shows a TTL 
version (74LS80) and the corresponding logic 
equations. Note that the feedback of C, +; 
introduces a second propagation delay. In the 
FPLA this is eliminated by redefining in 
terms of A, B, and C,, as shown in Figure 4, 
and using the right side of the equation for 
Cn +1 instead of the term itself. At first glance 
this would appear to require a minimum of 
three product terms for C,, + 4 plus four for ©, 
or a total of seven. The Karnaugh maps, 
however, show considerable overlap between 
the two functions: the map for C,,+} differs 
from that for 2 only by having A B C, instead 
of A B C,. Rewriting the equation for C,, + ; to 


introduce A B C, and eliminate A B C,, 
Cn+1=ABC,+ABC,+ABC,+ABC, 
increases the number of product terms by 
one, but now Cy, + 1 and 2 have three terms in 
common. Therefore, since the FPLA allows 
multiple use of product terms, it is sufficient to 
program each of the common terms only 


once; thus, the original seven product terms 
are effectively reduced to five. 


To fill in the programming table (Table 1), first 
allocate inputs and outputs. 
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FULL ADDER 


C, +47 AC, + BC, + AB 


1.001370S 


Figure 3. Single-Bit Full Adder in TTL (e.g. 74LS80) 


r= AC,,,+ BC,,,+C,C,, 4+ ABC, 


= ABC, + ABC, + ABC, + ABC, 


LD01320S 


C, +47 AC, + BC, + AB 
= AB + AC, + BC, 


= ABG, + ABG, + ABC, + ABC, 


L001330S 


Figure 4. Karnaugh Maps and Logic Equations for the Full Adder 
of Figure 3, illustrating how the Equations are Reduced for 
the FPLA Implementation Shown in Figure 2 and Table 1 


Outputs: C,, +4 4=B7 
= Bg 
= Bg 


Inputs: A =Ipo 
B =| 
Ch = lo > 


Next, enter the product terms of 2 in the 

product-matrix (AND) part of the table, using 

H to indicate a true input and L a false one. 

@ Term 0 is A B C,;: mark H, L, L in 
columns !o, |4, lo of row 0 

® Term 1 is A B C,: mark L, H, L in 
columns lo, 14, lg of row 1 

@ Term 2 is A B C,; mark L, L, H in 
columns lo, 14, lo of row 2 

@ Term 3 is A B C,: mark H, H, H in 
columns lo, |4, lo of row 3. 


Fill the rest of rows 0, 1, 2, and 3 with dashes 
to indicate that all other inputs are to be 
disconnected from Terms 0, 1, 2, and 3 (fuses 
blown). 


The product terms of 2 must be added to 
form the sum-of-products required at output 
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Bg. Indicate the required addition by putting 
an A (for Attached, i.e. fuse unblown) in the 
Term 0, 1, 2, and 3 spaces of column B(O)g; 
Term 4 is not required for 2, so put a dot in 
the Term 4 space to indicate that it is to be 
disconnected (fuse biown). To indicate that 
the output is to be Active-High, put an H in the 
polarity square above the B(O)g column. Fi- 
nally, fill row Dg with dashes to indicate that 
all fuses on line Dg of the control matrix are to 
be blown and Bg is to be a dedicated output. 
This completes the programming of ~. 


The & output on Bg is programmed in just the 
same way, except that the polarity square 
above the B(O)g column is marked L to 
indicate Active-Low. (Note that in the FPLA, 
the & and X outputs change simultaneously, 
because all output signals traverse the exclu- 
sive-OR array (D), whether they are Active- 
High or Active-Low. In the TTL full adder 
shown in Figure 3, the output inverter delays 
the change of 2 with respect to 2.) 
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Table 1. FPLA Programming Table Filled in for the Full Adder of Figure 2 
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The output C,, 4 ; on Bz contains three of the 
same terms as 2, plus the term A B C,.. Only 
this last term needs to be additionally pro- 
grammed in the product matrix: mark L, L, Lin 
columns lo, 14, lo of the Term 4 row. Indicate 
the addition 


ABGAtABC, tABC,+ABC, 


by putting an A in rows 0, 1, 2, and 4 of 
column B(QO)7, and show that Term 3 (A B C,) 
is not required by putting a dot in the Term 3 
row to indicate disconnection (fuse blown). 
Put an L in the B(O)7 polarity square to 
indicate Active-Low. 


Identifying Bz as a dedicated output by indi- 
cating that all the fuses to control term D7 are 
to be blown, would now complete the pro- 
gramming of the full adder. However, a useful 
supplementary feature would be a Carry En- 
able function to keep the B7 output buffer in 
the high-impedance state except when the 
enable input Ig is true. The output buffer is 
enabled when both the fuses of a control 
term are blown, or when one is blown and the 
term that controls the output buffer is true. 
Thus, a Carry Enable can be provided via the 
lz input by leaving intact the fuse for Active- 
High operation of the enable signal to control 
term Dy. To indicate this, put an H in the |, 
column of row D7 and fill the rest of the row 
with dashes. 


The full adder with output Carry Enable uses 
only four of the eight dedicated inputs, three 
of the ten programmable I/O pins, and five of 
the 32 AND gates. The remaining capacity 
can be used for programming other functions 
which may, if required, also make use of 
AND-gate outputs already programmed for 
the full adder. 


All fuses not indicated as blown in the pro- 
gramming table are normally left intact to 
preserve capacity for later program revisions 
or the addition of supplementary functions. If 
it is essential to minimize propagation delay, 
however, the finalized program should include 
instructions for blowing all unused fuses to 
minimize load capacitance. 


FPLS PLS155 — PLS157 - PLS159 


Architecture 

The FPLS (Figure 5) is the most complex of 
the Series 20 PLD devices. Like the FPLA, it 
~ has a 32-term product matrix followed by an 
OR matrix. In the FPLS, however, the OR 
matrix is larger and comprises three distinct 
parts, with architecture differing in detail from 
type to type. In the PLS155, for instance, the 
first part consists of eight 32-input gates 
coupled, like those of the FPLA, to an output- 
polarity-controlling exclusive-OR array. The 
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second consists of twelve additional gates 
which control four flip-flops. These are what 
give the FPLS its sequential character, en- 
abling it to dictate its next state as a function 
of its present state. The third part is the 
deceptively simple Complement Array (I in 
Figure 5): a single OR gate with its output 
inverted and fed back into the product matrix. 
This enables a chosen sum-of-products to 
become a common factor of any or all the 
product terms and makes it possible to work 
factored sum-of-products equations. it is also 
useful for handshaking control when interfac- 
ing with a processor and for altering the 
sequence of a state machine without resort- 
ing to a large number of product terms. 


PLS155 has four dedicated inputs and eight 
programmable |/O pins that can be allocated 
in the same way as in the FPLA. It aiso has 
four shared I/O pins (L) whereby the flip-flops 
can be interfaced with a bidirectional data 
bus. Two product terms, La and Lg in the 
control matrix F, control the loading of the 
flip-flops, in pairs, synchronized with the 
clock. 


Figure 6 shows the architecture of the flip-flop 
circuitry in the PLS155. The flip-flops are 
positive-edge-triggered and can be dynami- 
cally changed to J-K, T, or D types according 
to the requirements of the function being 
performed; this considerably lessens the de- 
mands on the logic. The Tri-state inverter 
between the J and K inputs governs the 
mode of operation, under the control of the 
product term F: 

® When the inverter is in the high- 
impedance state, the flip-flop is a J-K 
type, or a T type when J=K. 

@ When the inverter is active, K=J and 
the flip-flop is a D type; the K input 
must then be disconnected from the 
OR matrix. 


All the product terms from the product matrix 
(To to T3; in Figure 5) are fuse-connected to 
the J and K input OR gates. if both fuses of 
any one product term are left intact, J =K 
and the flip-flop is a T type. 


The flip-flops of the PLS155 have asynchro- 
nous Preset and Reset controlled by terms in 
the OR matrix that take priority over the clock. 
Their three-state output buffers can be con- 
trolled from the enable pin OE or permanently 
enabled or disabled by blowing fuses or 
leaving them intact in the enable array (K in 
Figure 5). 


The PLS157 and PLS159 sequencers have, 
respectively, six and eight flip-flops. The ar- 
chitecture differs in detail but is similar in 
principle to that of PLS155. 
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Programming 

The FPLS is programmed in much the same 
way as the FPLA, using a table to instruct the 
machine that blows the undesired fuses. It is 
not necessary to work with a circuit diagram; 
in fact, it is even undesirable to do so, since 
applying the necessary logic reduction tech- 
niques would in most cases make the dia- 
gram difficult to read and more a hindrance 
than a help. An example of how to program 
the FPLS as a universal counter/shift-register 
is given in the Appendix. 


DEVELOPMENT AND 
PRODUCTION ECONOMY WITH 


PLD 

Underlying the design philosophy of the 
Signetics Series 20 PLD is the concept of 
programmable arrays whose architecture em- 
ulates logic equation formats rather than 
mere aggregations of gates. The unique com- 
bination of features which support this philos- 
ophy includes: | 


@ double-buffered true and complement 
inputs 
® programmable-polarity outputs 


® programmable 1/O for internal feedback 
and maximum freedom in allocating 
inputs and outputs 


® truth-table programming format 


- These features are common to all the PLD 


devices. In the field-programmable logic se- 
quencers they are further supported by: 


@ flip-flops with dynamically alterable 
operating modes 


® a complement array for simplified 
handshaking contro! 


From the development engineer's point of 
view an important advantage of PLD is that it 
eliminates breadboarding. Once the functions 
required in terms of minimized logic equations 
are worked out, a PLD can be programmed 
accordingly. Once programmed, it will per- 
form those functions. 


Loading the instructions into the program- 
ming machine usually takes no more than a 
couple of hours; after that, the machine can 
program the devices at a rate of 100 an hour. 
Moreover, since any PLD can be pro- 
grammed in many different ways, PLD has 
considerable potential for simplifying pur- 
chasing and stock control. One type of device 
can be programmed to perform a diversity of 
tasks for which it wouid otherwise be neces- 
sary to purchase and stock many different 
devices. 


Series 20 PLD is second-sourced by Harris 
Semiconductor. 
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NOTE 
A to G, As In Figure 2. H, Flip-Flops And Bus-Load Buffer. J, Clock Input. K, Output-Buffer Enable. L, Tri-state Flip-Flop Output Buffers. 


Figure 5. Field-Programmable Logic Sequencer PLS155 | 


November 1986 9-21 


Signetics Application Specific Products 


Introduction To Signetics Programmable Logic 


Application Note 


ANS 


(\ : 
ead 
CF 


: S 
ii 
| D-o 


—— 


- denotes wire-OR 
@ denotes fixed connection 


t 
i 
i 
J 


r 
) 
} 
5 


~ 
a 
+ 
ot 
—_ 
be om cs oo a owe es 


fr} = 
i 
i 
a 


‘10013508 


Figure 6. Architecture of the PLS155 Flip-Flop Circuitry 


APPENDIX 


Programming an FPLS as a 
Counter/Shift-Register 

Objective: to program a PLS155 FPLS as a 
count-up, count-down, shift-right, shift-left 
machine governed by three control 
terms - COUNT/SHIFT, RIGHT/UP, LEFT/ 
DOWN. Direct implementation would resuit in 
a machine with 64 state transitions (see Table 
A-1), which is beyond the scope of the 
PLS155 or even the 28-pin PLS105. Logic 
reduction is therefore necessary. 


As there are only four feedback variables (D, 
C, B, A), you can do the reduction by hand, 
one mode at a time; the control terms need 
not be included till the summary equations 
are written. Using the transition mapping 
method suggested here, you can examine the 
excitation equations for all types of flip-flops 
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(R-S, J-K, D, T) and choose those types that 
will perform the required functions using the 
fewest product terms. Table A-2 summarizes 
the rules for flip-flop implementation using 
transition maps; the transition symbols used 
in the table mean: 


PRESENT NEXT TRANSITION 
STATE STATE SYMBOL 


0 0 0 
0 1 a 
1 0 B 
1 | 1 | 


Using these symbols, construct Table A-3 
from Table A-1 to enable you to examine the 
excitation equations for all types of flip-flops. 
Proceeding one mode at a time, transfer the 
state conditions from Table A-3 to Karnaugh 
maps, as in Figure A-1. Following the rules in 


9-22 


Table A-2, derive the excitation equations for 
the different types of flip-flops (the examples 
shown in Figure A-1 omit the T type because 
it is the same as the J-K type when J = K). In 
deciding which types of flip-flop to use, re- 
member that logic minimization with PLD is 
different from logic minimization with 'random 
logic’: with random logic you seek to reduce 
the number of standard packages required; 
with PLD you seek to reduce the number of 
product terms. 


From Figure A-1 it is evident that you should 
choose J-K or T flip-flops for the counter 
mode and D flip-flops for the shift mode, for 
you then require only one product term per 
flip-flop per mode. Table A-4 summarizes the 
number of product terms per mode the vari- 
ous types of flip-flops would require. 


Table A-5 shows the completed programming 
table for the counter/shift-register. The pro- 
gramming of Terms 0 to 15 refiects the flip- 
flop excitation equations and illustrates the 
value of being able to switch the flip-flops 
dynamically from one type of operation to 
another. Terms 16, 17 and 18, respectively, 
provide for INITIALIZE, asynchronous RE- 
SET, and STOP functions. 


The programming of the two additional inputs 
HALT and BUSY illustrates the value of the 
complementary, which is made active when 
HALT and BUSY are Low (A in the Compie- 
ment square of Term 18) and propagated into 
all the other terms (dot in the Compiement 
squares of Terms 0 to 17). This means that 
unless the HALT and BUSY inputs are High, 
none of the product terms will be true and the 
state of the machine will not change. If the 
Complement Array were not used, twice the 
number of product terms would be required, 
even if one of the additional inputs were 
omitted. 


As it is, the design uses only 19 of the 32 
product terms available, so there is ample 
capacity for extending its capabilities. For 
example, the shift-left function can be aug- 
mented by a binary multiplication capability, 
using a D type flip-flop to make it shift one, 
two, or three places according to the state of 
two extra inputs, X and Y. Table A-6 shows 
the revised programming table. The binary 
multiplication function occupies nine addition- 
al product terms. 
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Table A-1. Present-State/Next-State Table for Counter/Shift-Register 


STATE PRESENT NEXT STATE 


D CGC B A D C 8B A D CC B A D C B A D C B A 
0 0 O O 90 1 1 1 1 0 O OO 1 0 0 O 0 0 O O O 
1 0 oO O 1 0 0 oO °O o0.60600d~C 1 0 0 O 1 0 1 0 oO °O 
2 0 6 60 1 0 0 0 oO 1 0 oO 1 1 oO 1 0 0 0 oO O 1 
3 0 oO 1 1 0 O 1 0 oO. 61 Oo #60 Oo 861 1 0 1 0 O 1 
4 Oo. 61 0 860 0 86060 1 1 Oo. 61 Oo 61 1 0 oO O oO oO 1 0 
5 oO 1 Oo. (1 Oo 1 0 860 Oo 1 1 0 1° Oo 1 0 1 0 1 0 
6 0 1 1 0 Oo 1 Oo 614 Oa | 1 1 1 1 0 860 0 Oo 1 1 
7 Oo 61 1 1 Oo 1 1 0 1 0 oO 0 1 1 1 0 1 Oo 61 1 
8 1 0 oO O Oo. 61 1 1 1 0 oO 1 0 0 O 1 Oo 61 0.60 
9 1 0 oO 1 1 0 oO 90 1 Oo 61 0 0 60 1 1 1 1 0 860 
1 Oo 614 0 1 0 oO 1 1 0 1 1 | 0 1 Oo 61 0 1 
1 Oo. 61 1 1 0 1 0 1 1 0 60 oO 1 1 1 1 1 0 1 
1 1 0 0 1 0. (1 1 1 1 Oo. 61 1 0 oO 1 0 1 1 0 
1 1 Oo 861 1 1 0.6 60 1 1 1 0 1 0.) 61 1 1 1 1 0 
1 1 1 0 1 1 Oo 1 1 1 1 1 1 1 0 1 Oo 614 1 1 
1 1 1 1 1 1 1 0 0 O0O oO 0 1 1 1 1 1 1 1 1 
CONTROL TERMS 
COUNT/SHIFT 1 1 0 0 
RIGHT/UP 0 1 0 1 
LEFT/DOWN 1 0 1 0 


Table A-2. Rules for Flip-Flop Implementation Using Transition Maps 


FLIP-FLOP MUST MUST 
TYPE INPUT INCLUDE EXCLUDE REDUNDANT 


R-S S a 1.x 
R B 0,x 

D D a,1 x 

r T a,6 x 

J-K J a 1,6,x 
K B 0,a,x 
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Table A-3. Transition Table for Counter/Shift-Register 
PRESENT TRANSITION 


STATE | Count Down | Count up__|__shift Left | __Shift Right 
Cc B 
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Table A-4. Number of Product Terms Required for Counter/Shift-Register 
Flip-Flop Excitation 


FLIP-FLOP 
TYPE 


ABC+AC+BC ABCD+CD+AD+B8D 
, 78014408 


TB01490S 


Figure A-1 Karnaugh Maps and Flip-Flop Excitation Functions for the Counter/Shift-Register 
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Table A-5. PLS155 FPLS Programming Table for the Counter/Shift-Register 
TATATALAT TALA LALA! Ea Ree 
eee -, ee aT 
es -  -\( 


pay) Tet of Bo) 
s[2fifot7[e[sis[sf2iifots[2iifo} [32] iofBlal ela BODO 
ROROeNoseee | | 


P, R, B(O), (Q = D) 


_biettelolsistl i to||s[s [| s/s [e]e)s[s|s[s[e]s]s|a]s]=[5[[2[s[6]2[~[>]>]+|+]»[-[ofe2m- 


As ray 
Gor ei ae 1-1 ela 
SOR seTneS [- {=| =| 


TRUER TT TEPER 
fk 


VARIABLE 
~_NAME 


g 
Gg 
Le 
Gg 
Le 
Le | 
Le 
Gg 
Le |i 
Le | 
Le | 
2 
Le | 
ka 
fe | 
Le 
o 
Le 
et 
Va 
ime 
im 
a 
|| 
= 
Ld 
ct 
a 
Le 
ia 
z& 
= 
oe 
ne 
Le 
ne 
gy 
| 
# 
L_ 
= 
Ea 


TBO1470S 


November 1986 9-25 


Signetics Application Specific Products Application Note 


Introduction To Signetics Programmable Logic AN8& 


Tabie A-6. Modified PLS155 FPLS Programming Table for the Counter/Shift-Register With the Addition of a 
Binary Multiplier 
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INTRODUCTION 

Using the PLS153 or PLS153A, a 4-bit binary- 
to-7 segment decoder may be easily con- 
structed. This paper will cover Hex-to-7 seg- 
ment decoder, BCD-to-7 segment decoder, 
decoder with latches, and decoder with multi- 
plexer. The architecture of PLS153/153A is 
basically an AND-OR matrix. The large num- 
ber of inputs of each AND term is ideal for 
decoder applications, and the ability to drive 
the entire OR array makes possible the effi- 
cient use of AND terms such that, together 
with the programmable output polarity, a 
minimum number of AND terms is needed to 
implement the decoder function. Another im- 
portant feature of the PLS153/153A architec- 
ture is the 10 bidirectional I/O pins. The 
bidirectionality of these pins provides internal 
feedback to the AND matrix, which eliminates 
the need for external wiring and, more impor- 
tantly, it saves 1/O pin requirements. All !/O 
pins of the PLS153/153A have tri-state out- 
put buffers, each may be enabled or disabled 
by its own controlling AND terms. In applica- 
tions where high current drive is necessary 
but low power consumption is still desirable, 
the AND term controlled tri-state buffers are 
ideal for multiplexing. The LED display may 
be driven at a higher current and lower duty 
cycle to get better brightness/current effi- 
ciency and reduce the overall power dissipa- 
tion. 
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Application Note 


DESCRIPTION 


Hex-To-7 Segment Decoder 

A 7 segment display (Figure 1) may be used 
to represent a hexadecimal number as shown 
in Table 1. The format serves merely as an 
example. Some designers may prefer other 
configurations, particularly for letters B and D. 
Before implementing the truth table with pro- 
grammable logic devices, one has to decide 
whether the outputs should be Active-High or 
Active-Low. If a moderate drive current of 
15mA or less is needed, and if a common 
anode LED 


display is used, then an Active-Low output 
configuration is sufficient. On the other hand, 
if only a common cathode LED display is 
available and the current drive requirement is 
not very critical, an Active-High output config- 
uration may be used. The change of output 
polarity may be easily affected by putting in 
the POLARITY section 'H' for Active-High 
and 'L' for Active-Low. Since the output 
polarity is programmable, one may choose to 
describe the logic in terms of outputs equal to 
‘1's or outputs equal to ‘0's. 
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Figure 1. 7 Segment Decoder Driving a Common Anode LED Display 
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Figure 2. Pin List of Binary-to-7 Segment Decoder 


NOTE: 
PLSXXX and 82SXXX are interchangeable part numbers. 
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Table 1. Truth Table of Hex-to-7-Segment Decoder 
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Table 2. H/L Programming Table for Binary-to-7-Segment Decoder 
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Table 3. H/L Programming Table for Binary-to-7 Segment Decoder 


82S153/153A PROGRAMMING TABLE DRAWING 10: Be 2sG—beccpee REV. A 
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@DEVICE TYPE 

825153 

@DRAWING 

HEREEHHEEEEREREEHHEEHEH BINARY-TO-7 SEGMENT DECODER 

@REVISION 

F611 Eb REV. — 

@DATE 

TEE Eee OCT 1, 1984 

@SYMBOL 

SEE TE Ee FILE ID: 7deco 

@COMPANY 

EE EE EE EH SIGNETICS 

QNAME 

RENEE EREEEEHE EEE DAVID K. WONG 

@DESCRIPTION 

BEM TE HE A TE AE TE HE HE HE TE HE HE HE SE HE EE SE HEB HI SI EE 2 0 A 2S IB 2 J I 9 IEEE EEE EE 
* This circuit converts a 4-bit binary code ( HEX ) into * 
* @ 7-segment display. The display is a common anode 7—segqment LED. * 
* The output of the 825153 goes LOW for each segment that is ON. * 
TEE ITE TE TE TIE TE TE HE TE TIE TE TE SE TE TE SE HE HEE EE TE EE IE TEI JE IEE TE TEE EEE IE SEE EE HE SE EE EE EE EH 4 2 
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Figure 3. Boolean Equation for Binary-to-7 Segment Decoder 
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@LOGIC 
/SEG_A 
/SEG_B 
/SEG_C 
/SEG_D 
/SEG_E 
/SEG_F 
/SEG.G 


FOU 
SIX 
ccc 
FOU 
THR 
Two 
ONE 


BBB 
BBB 
EEE 
SEV 
FOU 
THR 
SEV 


DDD 

CCC + EEE + FFF 
FFF 

AAA + FFF 

FIV + SEV + NIN 
SEV + DDD 

ccc 


hatavan 
20 a0 “8 a WS we 8 


152/3, 154-9 


@1/0 DIRECTION 1500/1, 
oe 


SEH ME HEHE ETE AE TE TE HE HEE HEHEHE TE TE TE HEHE HE HE FETE HE TE HEHE HE TE TE TE TE HE ETE HEE EE HEHE ME TE HEHE TE HE HEE HEHE HEHE HEE ETE AE HE HE HEE HEHE TE HE ETE EE 
* OUTPUTS ARE ENABLED WHEN /OE GOES LOW. * 
* THEREFORE, Di...D7 = /(/0E) = OF H * 
HEHEHE HEHE HEHE AEE TE HE HE HEHE HE TE TE TEE HE EEE HE FETE DE HEE ETE AE HE HE HE BE TE IEE EE EET TE IE IEE HE HE IEE HEE TE TE IEE TE SEE EE HE HE HE IEE A EE 


Di 
D2 
DS 
D4 
DS 
Dé 
D7 


OE 
OE 
OE 
OE 
OE 
OE 
OE 


we we 25 wn UE oe 


FIREMEN EEE 


* 


END OF LOGIC EQUATIONS 


* 


HER HEE HEE EEE HE EERE HEHE REE EEE EER ERE EEE EEE EEE EEE EEE EE EEE EE REE 


In this example, an Active-Low output goes 
Low when a segment is to be turned on. The 
truth table shown in Table 1 is translated into 
an H/L programming table as shown in Table 
2. Since the LED display used here is com- 
mon anode, the output polarity of each output 
pin is programmed ''L"’ so that an output 
goes low when a segment is to be turned on. 
The decoder takes 16 AND terms. Notice that 
all outputs go Low when input equals ''8"’. If 
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Figure 3 (Continued) 


the logic is written for Os" instead of "1s", 
one AND term could be saved. Table 3 shows 
that the same circuit may be implemented by 
using only 15 AND terms. Notice that the 
polarity is the reverse of that of Table 2. The 
outputs may be turned on and off by I7, /OE, 
which controls the 7 tri-state output buffers 
through control terms (AND terms D, to D7). 
The same design is also implemented using 
Boolean equations with AMAZE. Figures 2 
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through 4 are, respectively, pin list, logic 
equations, and logic simulation results of the 
hex-to-7 segment decoder circuit generated 
by AMAZE. Table 4 is the H/L table generat- 
ed by AMAZE. In the process of generating 
Boolean equations for the decoder, common 
product terms are used to economize the 
usage of AND terms. 
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Table 4. H/L Table Generated by AMAZE for Binary-to-7 Segment Decoder 
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BCD-To-7 Segment Decoder 


825153 A: 7deco153.STD Using the same principle as in the previous 


* 4-bit binary to 7-seqment decoder simulation example a BCD input may be converted to a 
o 3 


" INPUTS <=B(1/Q)=> TRACE TERMS 7 segment display. If the input will always be 
™ 76543210 9876543210 within the range of 0000B to 1001B, the 
00000000 .-LLLLLLH. : design will take ten AND terms to implement 


00600001 ..HULLHHHH. 
00000010 ..LLHLLHL. 
00000011 ..LLLLHHL. 
00000100 ..HLLHHLL. ; 
00000101 ..LHLLHLL. 
Q0000110 ..~LHLLLLL. ; 
00000111 ..LLLHHHH. 
00001000 ..LLLLLIL. 
900001001 ..LLLLHLL. 
00001010 ..LLLHLLL. ; 
90001011 ..HHLLLLL. 
000011600 ..LHHLLLH. ; 
00001101 ..HULLLLHL. 
00001110 ..LHHLELL. ; 
00001111 ..LHHHLLL. 
LOOOLIIA w. nce aene 


the decoding function. But if the display of an 
error message is desired when input exceeds 
1001B, the design shown in Figures 5 and 6 
and Table 5, may be used. Alternatively, the 
error message "'E" will be displayed if the 
input does not equal anything between 0000B 
and 1001B inclusively. The circuit used to 
detect that none of the ten AND terms being 
true is shown in Figure 7 where if the input is 
outside of the range of OO00B to 1001B, none 
of the terms ZER to NIN will be active, which 


192 ‘ef 20 88 2s we we we we Ht we SB es 8 es ‘2! 


isenasene f in turn causes the output of the NOR term to 
" be High. The High output then causes the 
8 Krams nan wownnenmn— TY CONTROL LINES "E" term to be active and thus an output ""E" 
i IIBBBBBBBI DESIGNATED 1/0 USAGE ae : 
” IIBBBBBBBI ACTUAL 1/0 USAGE is displayed. This scheme takes two propaga- 
3 ier tion delays before "'E"” is displayed but only 


weet Ri WwW H 
“ 08 07 06 O05 04 O3 O2 01 19 18 17 16 15 14 13 12 11 09 3 one delay for 0 to 9 to be displayed. The 
TB010508 circuit shown in Figure 7 is implemented as 


shown in Table 4, column B(O)po of terms 0 to 
9, and term #11. The output B(O)> becomes 
High when terms 0 to 9 are inactive, 
(To + Ty +To+1T3+1T4+ 175+ Tg + T7 +Tg 
+ Tg) = 0 where To is term #0, T, is term 


Figure 4 


HHREHEHHHHEERRREERREH P TN LIS T SHeetOteHHEHHEEREERER 


LABEL #* FNC #*#PIN -—-------- PING FNC ## LABEL #1, Tois..., etc. B(O)g is then fed back to 
7 a. ae a ee bie ag peat te the input of term #11 which, when active, 
Y ee I #8 3-3 1-18 ** Bo *#N/C causes outputs B and C to be High, segments 
ve salad ae a S ae == : yeas ee B and C to turn off and the other segments to 

*% HE i 2 i- + eH Bs : 

N/E ee 1 o## 6-! S [-15 ## B  #*/SEGIC turn on. Term #10 is left blank to separate 
N/C we To oe® 7-f 1 {-14 *# /B ##/SEG_D the main decoding function and the feedback 
706 wR Oe Re) he eB Pes ee function for the sake of clarity of this demon- 
N/C #e Boo#€ 9-1 3 i-12 #* /B ##/SEG F : ae 
GND #* OV ## 10-! i-11 *## /B #*/SEG_G stration. A similar feature (the COMPLEMENT 


ARRAY) may be found in PLS155/157/159 
where the feedback path is buried inside the 
chip without having to use up one |/O pin. 
Notice that this feature greatly reduces the 
number of AND terms needed. But for device 
architectures which do not allow common 
AND terms, this logic minimization will not be 
possible. Figure 8 and Table 6 implement 
design with AMAZE. The circuit is then simu- 
lated as shown in Figure 9. 
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Figure 5. Pin List of Binary-to-7 Segment Decoder Generated by AMAZE 
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N@DEVICE TYPE 


82S153 

@DRAWING 

HERES EREEREHHHUEH BCD-TO-7 SEGMENT DECODER 

@REVISION 

EERE EEE EEE EERE REY. — 

@DATE 

HEHEHE HEHEEHHHHHEHHEH OCT 1, 1984 

@SYMBOL. 

RKKEEHEKHRKHKERKEEHEREHHENM FILE ID: BCD-7153 

@COMPANY 

REKEEEEEEHEEEEEHEHHEHEN SIGNETICS 

@NAME 

HENKEL KEHHEHRHHEN DAVID K. WONG 

@DESCRIPTION 

HEHE TEE HE IEE EEE HEHE HEHE HE IE HEE HE FEE HEHE HEHEHE FE FE HE SEE HEHE ETE HEE HE HE EEE EE HEHE EEE HEHEHE HHH EEE HEHEHE EE 
* This circuit converts a 4—bit BCD code into a 7-segment display. * 
* The display is a common anode 7-segment LED. * 
* The output of the 82S153 goes LOW for each segment that is ON. * 


HEHEHE HHH HEE HEE EE EH EH EE EEE EEE EEE HEHE EEE HE EERE EEEEEEEE 


TRUTH TABLE 


a ZYXW a bc def q 
*f i i b 0000 o 0 0 0 0 0 1 
: g : 0001 1 Oo O 1 1 1 1 
eee ae 0010 o 0 1 0 0 1 90 
ei ic 0oo11 0 0 0 90 1 1 9 
: H 0100 1 0 G 1 1 90 9 
a aa 0101 oO 1 90 0 1 90 9 
d o110 o 1 90 0 0 0 9 
o1i11 Oo 0 0 1 1 1 1 
1000 Oo 0 0 0 0 90 9 
1001 0 0 0 0 1 90 9 
101090 1 0 O 1 1 #1 1 Display E (error) 
1011 1 Oo O 141 1 1 1 . 
1100 1 Oo O 1 1 1 1 
1101 1 OO O 141 1 1 1 i 
1110 1 oO O 141 14 1 1 3 
1 4.2.4 1 oOo Qa 1 121 1 1 is 
@COMMON PRODUCT TERM 
ZER = /z2 * /y * /x * /wes 
ONE = /2 * /y * /x *® wi 5 
TWO = /2 * /y * x * Jw 
THR = /z * /y * x * wes 
FOU = /z * y * /x * /wsgs 
FIV = /z2 * y *® /x * wig 
SIX = /z2 * y* x * /w 3 
SEV = /z2 * y* x * w ¢ 
EIG = 2#* /y * /x * /wss 
NIN = 2 * /y * /x *®* Ww 35 
AAA = 2* /y * x * Jw gs 
BBB = z* /y* x * w ¢§ 
CcOC = z2* y * /x * /w 35 
DDD = z* y * /x * w 3 
FEE = 2%* y * x * /w 35 
FFF = z# y* x* w ¢ 
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Figure 6. Boolean Equations for BCD-to-7 Segment Decoder for AMAZE 
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@LOGIC 
/SEG_A 
/SEG_B 
/SEG_C 
/SEG_D 
/SEG_E 
/SEG_F 
/SEG_6G 


FOU AAA 
SIX 


+ TWO + THR 
+ TWO + SIX 
+ FOU + FIV 
+ THR + FOU 


TWO 


@1/0 DIRECTION 1150/1, 152/353, 


HEHEHE HEHEHE EERE EERE EERE EEERER 
* OUTPUTS ARE ENF 


* THEREFORE, Di.. 
ERNE MH EHH EEE EERE EEE EEE REN 


ae 42 we 30 wa aP 


KKEKERKEEEEEKEREEKKEEKHEEKEKER 


* END 


MEG BEEEE HE EEEKRERREHREEKEHRRERHES 
ry ‘ ; 


Figure 6 (Continued) 
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Figure 7. Compiement Array — ''None of the Above" Detection Circuit 
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— KKH REEERHEHERKREREEREEEH REV. 
Bi) 


D. 


Cust /Pro ject — 3463636363636 36 96960 DAVID K. 
Date 
Rev/I. 
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Table 5. H/L Table for BCD-to-7 Segment Decoder Generated by AMAZE 
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@DEVICE TYPE 

HERE EEEEREEREEEEREHEEEH B2S15T5 

@DRAWING . 

REEL HEERERHHENE BINARY-TO-7 SEGMENT DECODER 

@REVISION . 

HEHE EEE REV. — 

@DATE 

HEREC EHEEEEREEHEEEEE OCT 1, 1984 

@SVMBOL 

KEELER EKHEKREHERHEEEHEH FILE ID: BCD77153 

@COMPANY 

HHH EERE SIGNETICS 

@NAME — 

HEKEEHEEEEEEEEERERHERHE DAVID K. WONG 

@DESCRIPTION 

He HE HEME TE HEHEHE HEHE ETE HEHE ETE HEE FETE HE HE IE HE HEE EH HE SE HE HEE TE SE IE HEE FE ETE HE ETE TE HEE SE IEEE HE FE TEE IE IE IE HE EEE HE EE HE EE EE EEE 
* This circuit converts a 4—-bit BCD cade into a 7-segment display. % 
% The display is a common anode 7-seqment LED. * 
* The output of the 82S153 goes LOW for each segment that is ON. * 
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Figure 8. Boolean Equation for BCD-to-7 Segment Decoder 
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@LOGIC EQUATION 


HEE HEH EEE EE EEE EE EEE TE EEE EEE EEE EE EEE HEE EEE IEICE EEE HE HEE IEE HEE HIE HEE HEE HE 
* When input is greater than 9, OVR ( Over Range ) will go HIGH, WHICH *«* 


* will be fed-back to the AND array to control the segments. * 
* Here the OVR pin and the feedback loop is used as COMPLEMENT ARRAY. % 
* The COMPLEMENT ARRAY saves 5 P-terms but loses one I/O pin. * 


VEE TE HE HEHE EEE HE EE HEHEHE ETE HEHE HE TE HEHE HE HE EE HEHE HE HE EE IE TEE EEE ETE HEE ETE EEE ETE IEEE HE HEE TE HE HE HE EEE EE EEE EEE 


OVR = /(€ ZER + ONE + TWO + THR + FOU + FIV + SIX + SEV + EIG + NIN ) 3; 


/SEG_A = ONE + FOU ; 
/SEG_B = FIV + SIX + OVR ; 
/SEG_C = TWO + OVR ; 
/SEG_D = ONE + FOU + SEV ; 
/SEG_E = /( ZER + TWO + SIX + EIG + OVR » 3 
/SEG_F = ONE + TWO + THR + SEV ; 
/SEG_G = ZER + ONE + SEV ; 


@1/0 DIRECTION 150/1, 152/3, 154-9 


HEHEHE HEHEHE HE EEE EE HEH HH HEE HEE EEE HEHEHE EEE EH EEE EE HEE EE EEK HEHEHE 


* OUTPUTS ARE ENABLED WHEN /OE GOES LOW. * 
* THEREFORE, D1...D7 = /(/OE) = QE 7 * 
HHH HHH HEHEHE EEE EE HEHEHE HEE EEE EEE EE HEHE HEE ETE HEE ETE HEE IE HE ETE IEE HEHE FE HEHEHE HE HE FE FE HEHEHE HE HEHEHE TE HEHEHE 
Di = GE ; 
D2 = OE 3; 
D3 = OE 3 
D4 = OF 3 
DS = OE 3; 
D&S = OE 3; 
D7 = OE ; 


HHH EEE HEE HEH EHH HEE HEE HEHE HEHEHE HEHEHE EEE HEHEHE EEE EEE HEEL HE EEE KEE EEE HEHEHE 


* END OF LOGIC EQUATIONS * 
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Figure 8 (Continued) 
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Table 6. H/L Table of BCD-to-7 Segment Decoder Generated by AMAZE 
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8281535 Arbcd77153.STD 
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Figure 9. Simulation Results of H/L Table 
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with Output Latches 

Output latches may be constructed by using 
the bidirectional 1/Os of PLS153/153A as 
shown in Figure 10. When /LE (latch enable) 
is High, the output equals the input. But when 
/LE is Low, the output is latched. Changing 
the input will not effect the output. Segments 
a and e are used to illustrate the decoding 
and latch circuit as shown in Figures 11 and 
12 which are expressed in H/L format as 
shown in Table 8. The complete design of the 
decoder is shown in Figures 13 and 14 and 
Table 7. With the output latches, the circuit 
cannot be tri-stated since the tri-state condi- 
tion will interrupt the feedback path. An alter- 
native approach is shown in Figure 15 where 
the display is a common cathode, the seg- 
ment drivers are always on and the duty 
cycling is implemented with a digit driver 
which pulls the common cathode of the 
display to ground as the input "Duty Cycie” 
goes High. A common practice is to drive the 
segments with 10 time the desired DC current 
and drive the digit with a 10% duty cycle 
pulse. The H/L implementation is as shown in 
Tables 9 and 10. The ‘Duty Cycle" control 
input is generated externally. 
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OUTPUT 
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Figure 10. Block Diagram Of A Simple D-Latch 
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Figure 11. Segment-A Latch Circuit 
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Figure 12. Segment-E Latch 
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Figure 13. Pin List of BCD-to-7 Segment Decoder with Latches 
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@DEVICE TYPE 

828153 

@DRAWING 

REEERERELEEEREHEREEHERH BCD-TO-7 SEGMENT DECODER 

@REVISION 

EEREEREHEEEEEEEEEERUERE REV. — 

@DATE 

HELEHEEEK SEEKER ERHERHEE OCT 1, 1984 

@SYMBOL ; 

HEHEHE EE REE FILE IDs BCD7L153 

. ACOMPANY 

RREKEEEELEEEREERKEREEHE SIGNETICS 

@NAME 

HHKKKKBHELEEHHEKERELERE DAVID K. WONG 

@DESCRIPTION 

FEM HEHEHE HE BE HE HE HE EE HE EE IE HE HE HEE IEE HE HEHE HE HE IE FETE HE EE IE FETE IE IE IE TE HE HEE HE FE JE IE TE IE IE IEE HE HEE IE EE HE HEHE IE HEH EE TE HEE 
* This circuit converts a 4-bit BCD code into a 7-segqment display. * 
* The display is a common anode 7-seqment LED. * 
% The output of the 826153 goes LOW for each segment that is ON. * 
* The outputs are latched when /LE goes LOW. * 
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Figure 14. Boolean Equation of BCD-to-7 Segment Decoder with Latches 
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/SEG_A 
/SEG_B 
/SEG_C 
/SEG_D 
SEG_E “Note that in LOGIC EQUATION definition, SEG_E is 
inverted. Therefore, the feedback for E has to 
be inverted too.” 
* /SEG_F 
GL = * /SEG_G 


@LOGIC EQUATION 


EAE HEHE EE HEHE ME EE HEHE TEE IEEE HEHE TE TE EE HEMET HE HEME TE TE TEE EME TE HE HEME HEE HEHE TE TE TEE HEHEHE TE HEE HEHE TE EEE EH TE TE HEE HEHE 
* When input is greater than 9, OVR ( Over Range ) will go HIGH, WHICH * 
* will be fed-back to the AND array to control the segments. * 
* Here the OVR pin and the feedback loop is used as COMPLEMENT ARRAY. * 
* The COMPLEMENT ARRAY saves 5S P-terms but uses up one 1/0 pin. * 


NEHER TE ME HE ETE FE HE TE TE FETE He HE HE HEME TE FE TE HE FE JE FE HE HEE FE TE FE HE IE HE HEH TE HE FE HE HE HE TE IE IE TE HE HEE HEE EEE HEE EE HEHEHE HERE 
" 


OVR = /( ZER + ONE + TWO + FOU + FIV + SIX + SEV + EIG + NIN + LE ) ; 
/SEG_A = + FOU 

/SEG_B + SIX BL. 

/SEG_C + OVR 

/SEG_D + FOU DL 

/SEG_E + TWO EIG + OVR + EL 
/SEG_F + TWO SEV + FL 
/SEG_G + ONE GL 


@1/0 DIRECTION 
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* END OF LOGIC EQUATIONS * 
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Figure 14 (Continued) 
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4-Bit Binary-To-7 Segment Decoder 


Table 9. Segments A and E with Latches 
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Table 10. H/L Table of BCD-to-7 Segment Decoder with Latches with Outputs Active-High 
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Author: David Wong 
FEATURES 


@ Programmable pulse-width/delay 

@ Maximum 256 clock cycles 

® Asynchronous TRIGGER input 

® Active-High and Active-Low outputs 
® Asynchronous RESET 

® 20-pin package 


THEORY OF OPERATION 

The one-shot consists of an FPLS PLS159 
and an external clock which may be part of 
the system in which this one-shot is to work. 
As shown in Figure 1 and Table 1 the FPLS is 
configured to have a latch and an eight-bit 
binary up counter which is presettable by 
input data to any number less than 256. Since 
the input data is inverted before it is loaded 
into the registers, counting from the comple- 
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Application Note 


ments of the input to FF will give the correct 
number of counts as counting from the input 
down to 00. 


Pulse-width/delay inputs may be the outputs 
of another device or switches. When /RESET 
goes Low, flip-flops are set to all 1's (terms 
PB and PA). At the rising edge of the next 
clock, data is latched into the registers (terms 
LB and LA). When /TRIG goes Low, it is 
latched into the input latch formed by term # 
0, 1, 2 and 13. The output 0, of the latch 
goes High and O2 goes Low which enables 
the 8-bit counting cycle. The O; and /O, will 
maintain their output levels until the end of 
the counting cycle at which time the counter 
reaches the count FF, resets the latch by 
term # 13, and sets Oo High. At the rising 
edge of the next clock, terms LA and LB 
cause data to be loaded again into the 
registers, and the device is ready for another 
/TRIG input. The output wave-forms are illus- 
trated in Figure 2. 


If the /TRIG pulse-width is longer than the 
desired pulse-width of the one-shot, the de- 
vice will react as mentioned above, and at the 
end of the count cycle new data will be 
loaded, another count cycle begins while the 
outputs remain set by the /TRIG input without 
changing throughout the change-over of one 
count cycle to another. O;,, on the other 
hand, will go Low for one clock period at the 
change-over. As long as the /TRIG is Low, 
Oia will continue to pulse Low for one clock 
period at the change-over of one count cycle 
to another. The output O2 will pulse High for 
one clock cycle at the change-over. Figure 2 
illustrates output wave-forms for both cases. 
The output wave-forms are as illustrated in 
Figure 2. 


The one-shot is implemented by program- 
ming the PLS159 as shown in Table 1. The 
logic representation of the program is shown 
in Figure 3. 


SYSTEM CLK 


RESET 


Figure 
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Table 1. PLS159 FPLS Program Table 


Signetics Application Specific Products 


E 
R 
oA 
EE 
{1 |- 
2 | 
HE 
|. 
EE 
a 
"1 
pe 
[34 | 
i 
EE 
EH 
[23 
[ 24 | 
EH 
Eas 
28 
29 
30 
fi 
4] Re | 
fee 
oe | 
02 | 
cl 
2 


November 1986 


Signetics Application Specific Products Application Note 


PLD Programmable Retriggerable One-Shot AN14 


eel ee lel oe ee ee ae a 


| 
fe——________ COUNT CYCLE _________») 


02 
TRIG a ee. RETRIGGER MODE S 
| 


«————_—————. COUNT CYCLE ———_—_____» [t-—-——- COUNT CYCLE —————> 
O10 
| { 
5 | | 
| 5 | 5 
0, | iciitad dees 
| | 
0; | ! 
ae er : 
$————__________—_$ 
| | 


WFO4120S 


PLS159 Programmable One-Shot 
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Figure 2. Timing Diagram of Programmable Retriggerable One-Shot 
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INPUTS 


Figure 3. Logic Representation of Table 1 
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INTRODUCTION 

The Low Cost Programmer (LCP) is designed 
to provide the user with a low cost alternative 
to program Signetics' PLD 20-pin series pro- 
grammable logic devices. This system is a 
peripheral device which is to be controlled by 
a computer running Signetics software, 
AMAZE, or by a terminal. The LCP is con- 
nected to the host computer via the RS232 
interface and will accept ASCII codes. The 
data transfer rate can be either 9600 or 4800 
baud. The LCP system clock is 4800 baud. 
The basic measure of time in the system is in 
units of 13us. After every fuse is pro- 
grammed, the LCP will automatically perform 
a verification cycle and feed data back to the 
computer. The system can be set to TEST 
mode which causes the outputs to cycle 
through the fusing sequence in an endless 
loop. 


THEORY OF OPERATION 

A block diagram of the LCP is shown in Figure 
1. U1 generates the 9600 baud clock for U3 
(UART) and the 4800 baud clock for the rest 
of the system. When data is transferred into 
U3, it is put on the system bus. U1 generates 
IDAV which enables the rest of the system to 
react to the input. Since each device can 
decode the input instruction, very few con- 
trols are necessary. 


Figure 2 shows the system instruction set. 
Each consists of seven bits with the upper 3 
bits being the instruction code and the lower 
4 bits being data or finer resolution of the 
instruction code. Figures 2 and 3 of Appendix 
1 show the fuse address tables of PLS153 
and PL.S159, respectively. Note that the Vari- 
able Addresses have seven bits (3 upper bits 
and 4 lower bits), whereas the Term Ad- 
dresses have six bits (2 upper bits and 4 
lower bits). Therefore, it takes up to four 
nibbles to define a fuse address. Once an 
address is defined, the Variable Address 
generator will increment automatically to gen- 
erate the subsequent fuse addresses for the 
same Term Address. Loading a Term Ad- 
dress in the Term Address generator will 
always reset the Variable Address generator. 
Therefore, the Term Address should be en- 
tered first and then the Variable Address. The 
last entry is the fusing data in a 4-bit nibble. 
The system will automatically increment the 
Variable Address generator to program four 
fuses. Once the 4-bit fusing data is loaded, 
the system goes into an internal mode until 
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RS232 INTERFACE 


Tx si 
Tf « 
Rx so 


UART 


ROW ADD. GEN. PLO DEVICE 


ROW ADDRESS 
7 7 (PIN 7 to 9 
12 to 15) 


(DAV 
COLUMN ADD. GEN. 


| COLUMN ADDRESS 
7 6 (PIN 1 to 6) 
CR 
BAUD RATE GEN./ IDAV 
SYSTEM CONTROL pen ae 
9600 
IDAV 
INTIEXT amo. SYSTEM oar" a OUTPUT (F) 
| (PIN 16) 
S Vp (PIN 18) 
; > i Voecp (PIN 20) 
= 
IDAV i ee) 
5.0688 MHz INTIEXT STB (PIN 11) 
OSCILLATOR 
FUSING 
SEQUENCER IFL DEVICE 


BD01760S 


Figure 1. Block Diagram 


FUNCTION 


System internal use 
System internal use 


Set system ON-LINE 
Set system OFF-LINE 


The upper and lower VARIABLE ADDRESSES will be reset to zero if upper or lower TERM 


ADDRESS is loaded into the LCP. 


Figure 2. LCP instruction Set 


the fusing cycle for the four fuses are com- 
pleted. 


The following illustrates the sequence of 
programming operation: 
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1. Switch LCP to ON-LINE 
2. Input 010 0000 —reset LCP 
3. Input 010 0001 — put LCP "ON-LINE" 
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4. Input 100 —-load 4-bit lower TERM 
ADDRESS 
5. Input 101 00--—load 2-bit upper TERM INITIALIZE + OFFLINE + RESET 


ADDRESS 


6. Input 110—- — load 4-bit lower VARIABLE 
ADDRESS 


i WAIT 
DATA (EXT MODE) 
NIBBLE EF 
0 20 


7. Input 111 0—-Jload 3-bit upper VARI- een on erance 
ABLE ADDRESS 6F EE 
8. Input 011—--load 4-bit fusing data, a 2 19 
"1" causes a fuse to be blown aoe . ives 
9. U6, the fusing sequencer, causes the 6D : a5c oe 
system to go into INTERN mode 15 
ZAP FUSE 3 18 
10. Fusing sequence starts. See Figures 3 
11. Fusing cycle completed. Input next ad- af 
dress: 4 ZAP FUSE \ 17 ¢ BSC 
a. If next TERM ADDRESS is different from ba 
the previous one, go to (4) 
b. If next address is in sequence with the 
previous VARIABLE ADDRESS and in 14 
the same TERM, go to (8) INT. STROBE 
c. The Variable Address generator will al- pig 
ways reset to 0 if TERM ADDRESS is 
loaded. 13 
Figure 3 shows the sequence of fusing opera- ave pl = 
tion while the system is in internal mode. 38 
Figure 4 shows the timing diagram and volt- 12 
age waveform of the fusing sequence of four 
consecutive fuses. bisa 
Analog Drivers: 7 
Vp — This signal is current limited to 325mA. SET 
It is 1.25V to 1.75V when not fusing (idle). VERIFY MODE 
During the fusing cycle it takes on a value of 


14.25V to 14.75V for a short time. The 


PF00720S 


leading edge is slew rate limited to about NOTES: 
10s 1. State numbers in hex. 

: 2. State changes on every clock. 
Vecp — This signal is the programming Sein ie -Syce ne: 


power supply. It can source up to 1A. it has a 


Figure 3. State Diagram Fusing Sequence and Control PLD U6 
value of 1.1V to 1.3V when not fusing (idle). : 


13p.8 113] 13,8 
Hs us » 


l3ps 


Tv4a 
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Figure 4. Timing Diagram and Voitage Waveforms 
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During the fusing cycle it assumes a value of 
8.25V to 8.75V for the duration of the entire 
cycle (four fusing pulses - See Figure 4). 


Vp Driver Circuitry — The Vp signal is 
toggled by the Fusing Sequencer, U6, Pin 15. 
This TTL signal is buffered up by the switch- 
ing transistor, Q3, and its associated resis- 
tors, R6 and R9. Transistor Q4 inverts the 
signal to achieve the correct phase relation- 
ship. It also performs the following circuit 
functions: 


1. It clamps the base of the Darlington 
transistor, Q5, to near ground through the 
R10 resistor. 


Transistor Q4 discharges the slew rate 
time constant capacitor, C1, through the 
resistor, R10, and shunts the current 
from the current source, VR2, to near 
ground. This prepares the circuit for the 
next controlled slew rate edge at the 
beginning of the next fuse blowing cycle. 


It provides a current sinking path to pull 
current out of the fusing socket enable 
line, thus creating a rapidly falling Vocp 
trailing edge. The diode, D2, provides 
sourcing isolation while the resistor, R11, 
limits inrush currents. A ferrite bead on 
the R11 lead slows down this path. This 
prevents large currents from flowing 
through transistor Q4 at the low level 
switching transition time. 


ad 


© 


The voltage regulator, VR1, forms the 325mA 
current limit circuit in conjunction with the 
voltage dropping resistor, R8. 


The controlled slew rate of the leading edge 
and the final level of the enable high output 
voltage Vp are generated in the following 
manner: 


1. A 10mA current source is formed by the 
voltage regulator, VR2, and the dropping 
resistor, R7. 

2. This current is shunted to ground through 
Q4 when the enable pulse is low. 


3. At the instant when Q4 turns off, the 
10mA current is diverted into the slew 
rate control capacitor, C1. The capacitor, 
C1, will continue to charge linearly until 
the voltage across it reaches the value of 
the zener diode stack D1A and D1B. 

4. The current is then shunted down the 
zener diodes until Q4 is turned back on. 


5. The base of the Darlington transistor, Q5, 
follows the voltage across the capacitor, 
C1, and draws very little current due to its 
very high current gain. Since the Q5 
transistor is configured as an emitter 
follower, the voltage seen on the fusing 
socket enable line will be about 1V lower 
than the base of transistor Q5. Resistor 
R12 stabilizes the value of the Vee on 
transistor Q5 by pulling a small amount of 
current early in the ramp. 
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Vecp Driver Circuitry — Vocp is toggled by 
the internal/external signal from the Fusing 
Sequencer, U6. Again, the signal is buffered 
and inverted twice by transistors Q1 and Q2 
along with resistors R4 and R3. 


Low Voltage (Idie) 

Resistor R2 is shorted to ground through 
transistor Q2 in order to generate the 1.1V to 
1.3V low output level. This is an intrinsic value 
generated by the internal reference of the 
voltage regulator. 


High Voitage (Vccp) 

When transistor Q2 is turned off, the output 
voltage ramps to the 8.25V to 8.75V level. 
This value is determined by the ratio of 
resistors R1 and R2 in conjunction with the 
actual value of the voltage regulator's internal 
reference. 


Power Supply Consideration 

1. The Low Cost Programmer circuitry 
draws about 1A. 

2. The Enable and Vccp currents may reach 
about 1.4A. 


3. The Enable signal is about 15V and 
needs at least 5V of head room. 


4. The RS232 drivers require t 12V at about 
60mA. 


In a bridge circuit, a rule of thumb says that 
the transformer's current rating should be 
from 1.2 to 1.6 times the load current. Using 
this rule, the secondary of the transformer 
that supplies Voc and + 12V should be rated 
at 18V center tapped at about 1.6A. 


Table 1. ASCII Character Table 


coor | 0010 


TS 
x 


pe 


Di; > 
m!o 
m TA 


| 9001 
== 
| DLE 
| pot 
x_| pce 
a 
na [ na | 
SYN | 
| ETB | 
CAN | 
| EM | 
F | sus | 
[| ESC | 
ee 
| 3s _| 
Le 
| us| 


0011 


The transformer that supplies the Enable and 
Vccp circuits should have an 18V secondary 
at about 2.2A. 


PROGRAMMING THE LCP 

The addresses and fusing data can be gener- 
ated by the host computer using AMAZE or a 
terrninal nibble by nibble. The fuse address of 
each PLD 20-pin device is available in the 
Signetics PLD data manual. Copies of the 
fuse address tables of PLS153 and PLS159 
are included in Appendix A Tables A-1 and A- 
2. These fuse addresses, together with the 3- 
bit instruction code, form a 7-bit instruction 
which can be represented by a single ASCII 
character. Table 1 is a table of ASCII charac- 
ters. 


The following example illustrates the conver- 
sion of program table entries into fuse ad- 
dresses and fusing data. Table 2 shows a 
simple entry in an PLS153 program table. To 
keep things simpie, only four entries are 
made. The first entry is term 3, variable 17. 
The fuse of the non-inverting buffer is to 
remain intact, whereas the fuse to be blown is 
the inverting buffer, 17. For this entry, from 
Table A-1 of Appendix A, the Term Address is 
O3hex or 00 001 1b, the Variable Addresses of 
the two buffers are OEhex or 000 1110b, and 
OFhex or 000 1111. The fusing data is 01. 
The second entry is Term 3, 16. The fuse of 
the inverting buffer is to be kept intact while 
that of the non-inverting buffer will be blown. 
The Term Address is the same as the previ- 
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ous entry; the Variable Addresses of the two 
buffers are OChex or 000 1100b and ODhex or 
000 1101b. The fusing data is 10. The four 
fusing data can be combined into one nibble 
(0110) since the two entries are in sequence. 
Only the first address has to be loaded (Term 
Address O3hex and Variable Address OF). 
The next two entries are in sequence with the 
first two, therefore only fusing data nibble 
1111 has to be loaded. 


The instruction and data nibbles can be 
loaded into the LCP in ASCII characters (see 
Table 1). 


LCP CHECK OUT AND 
CALIBRATION 


This section deals with the check out and 
calibration of the Low Cost Programmer. 


The voitage regulator, VR4, dissipates a lot of 
heat. It should be mounted on a metal chas- 
sis with an isolation mount. 


Notice that the fusing socket, P1, has three 
columns of pads. Use the left set if the socket 
is to be mounted on the component side of 
the PCB. Use the right set if the socket is to 
be placed on the blank side of the PCB. The 
LEDs may also be mounted on the blank side, 
allowing for very easy panel mounting of the 
finished LCP. 


Power Supplies 

1. +10Vpc to +14Vpc at the positive side 
of C4. 

2. -10Vpc to -14Vpc at the negative side 
of C3. 

3. +4.75Vpc to +5.25Vpc at the +5Vpoc 
input pad of the PCB. 

4. +20Voc to +26Vpc at the positive side 
of C2. 


Turn off the LCP and insert ICs U1 through 
U5, U7 and U8. Do not insert U6 yet. 


Turn on the LCP and repeat steps 1 through 4 
above. 


Driver Calibration 

The Fusing Sequencer, U6, must not be in the 

LCP for the following steps: 

Measure 1.25Vpc to 1.75Vpc at Pin 18 of 
P1. (The fusing socket.) 

2. Place a clip lead from the U6 Pin 15 end 
of resistor R6 to Voc (+5Vpc). 

3. Measure 14.0Vpc to 15.0Vp¢ at Pin 18 of 
P1. 

4. Momentarily place a 75QQ. 3W resistor 
from Pin 18 of P1 to ground and observe 
the voltage to still read 14.0Vpc to 
15.0Vpc. 

5. Disconnect the clip lead between R6 and 
Voc: 
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6. Measure the voltage at Pin 18 of P1 to 


once again be 1.25 to 1.75Vpc. 

7. Place a jumper from the U6 Pin 19 side of 
resistor R4 to ground. . 

8. Measure the voltage at Pin 20 of P1. It 
should be 1.10Vpc to 1.30Vpc. 

9. Place a jumper from the U6 Pin 19 side of 
resistor R4 to Vcc. 

10. The voltage should be from 8.25Vpc to 
8.75Vpc at Pin 20 of P1. 

11. Place a 3022 3W load resistor momentari- 
ly from Pin 20 of P1 to ground and 
measure the voltage. It should remain 
within the 8.25Vpc¢ to 8.75Vpc range. The 
value of R2 may have to be selected in 
order to give the correct voltage reading. 

12. Reconnect the jumper from R4 to 
ground. 

13. The voltage at Pin 20 of P1 should be 
1.10Vpc¢ to 1.30Vpc. 

14. Turn off power and insert U6 into its 
socket. 


Baud Rate Generation 

1. Using an oscilloscope, look at the wave- 
form on Pin 17 of the Baud Rate Genera- 
tor, U1. This signal should swing from 
<450mV to >2.4V and have about a 
50% duty cycle. 

2. The frequency at this pin should be 
153.6kHz. This results in a period of 
6.51 ys. 

3. Repeat Steps 1 and 2 for Pin 18 of U1. 
The frequency should be 76.8kHz, result- 
ing in a period of 13.0us. 


Control! Functions 

Connect an ASCII RS232 terminal to the 
computer connector, C1, on the LCP. The set 
up should be: 

1. 9600 baud. 

8 bits. 

1 Stop bit. 

No parity. 

Terminal Tx to Pin 3 of the LCP C1 
connector. 


6. Terminal Rx to Pin 2 of the LCP C1 
connector. 


SF A 


The following steps send ASCII characters to 
the LCP, which it should interpret as instruc- 
tions. It will not echo the characters sent, but 
it should perform the instructions. Refer to 
Figure 5 for the ASCII equivalent instruction 
characters. 

1... Turn on the LCP. 


2. Set the ON-LINE/OFF-LINE switch to 
ON-LINE. 

3. Type". 

4. Type !. The ON-LINE LED should illumi- 
nate. If the ON-LINE LED does not light 
at this point, check for the correct inter- 
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facing of Pins 2 and 3 on the RS232 
terminal connector. 

5. Type ". The ON-LINE LED should go 
back off. 


TERM ADDRESS GENERATION 
The purpose of this section is to test the 
ability of the LCP to uniquely load the bits of 
the term address. This is done by sending 
ASCII characters to the LCP and then check- 
ing the term address pins of P1. 


Send the following lines of characters and 
check the P1 pins after each. 


On-Line — Address at 
Previous State 
H' H 


fo eb 2E 40 a ee ee Ee 
2 Lee Skee eco er 
mrteATtreititrtTrrrierrere 
eee a GT Cn GANS Cal scalps SCOT SO gem coset meals onde SAE! reel pe 
Pel Eo Ee ee eae eS er Ee 


H 
L 
a 
L 
L 
L 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
L 
O 


-Line — Address 
Not Altered 


VARIABLE ADDRESS 
GENERATION 


The purpose of this section is to test the 
ability of the LCP to uniquely load and incre- 
ment the bits of the Variable Address. This is 
done by sending the appropriate ASCII char- 
acters to the LCP and then checking the 
Term Address pins of P1. 


Send each line of characters and check the 
specified P1 pins after each. 
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CHAR 7 8 9 12 13 14 15 


On-Line — Address Same as 
Previous 


n 
m 
k 
g 
ov 
u 
s 
w 
A 


= 
O 


yp —|—0 
IrTecrerrrertrDtreTrat TTT Iree ec er cz 


PeLer errr tater St rT Teer Le oe eres 
rer lirrr Lar tetera eee 
amt aN Pe A cae SS a ee Ss eC ae OA aden Wk Ce SE oe ea ee ae OE al ele a= 
merrrrerr frtrrgrrrtierrrrirrce 


oN 
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ff-Line — Address 
Not Altered 


Fusing Cycle/Test Mode 

Place a jumper from U1 Pin 3 to ground. This 
enables test mode. Send any data character 
and the LCP will continuously loop through 
the fusing sequence. Verify the voltages and 
timing per Figure 4. 


Remove the jumper. 


Pass Through 
Turn the LCP ON-LINE/OFF-LINE switch to 
OFF-LINE. 


Connect the Host Computer to the C1 con- 
nector of the LCP and the Terminal to T1 of 
the LCP. Make certain the Tx and Rx signals 
of both are associated with the correct LCP 
RS232 pins on the respective connectors. 
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TERM 
ADDRESS 
(COLUMN 

ADDRESS) 


VARIABLE 
ADDRESS 
(ROW 
ADDRESS) 


118] PROGRAM ENABLE (Vp) 


147] PROGRAM/VERIFY (P/V) 
16] OUTPUT, F (OPEN COLLECTOR) 


VARIABLE 
ADDRESS 
(ROW ADDRESS) 


Figure A-1. Programming Pin Functions 


Type on the terminal keyboard. The computer 
should behave normally —usually with an 
echo. 


This completes the LCP calibration and 
checkout. 


APPENDIX A 


HOW TO PROGRAM PLD 20-PIN 


SERIES DEVICES 

An PLD device is basically a group of logic 
functions interconnected to each other by 
fuses which can be blown to open a circuit, or 
left intact to make a connection. Each fuse 
can be identified by its own unique address 
which consists of a 7-bit Variable Address 
(ROW ADDRESS) and a 6-bit Term Address 
(COLUMN ADDRESS). The programming pin 
function is the same throughout the 20-pin 
series see Figure A-1). Tables A-1 and A-2 
are fuse address tables of the PLS153 and 
PLS159, respectively. 


The programming cycle can be separated 
into four stages: 


Set-Up : 
1. Set Program Enable (Vp) to GND 


9-60 


2. Apply Column and Row Address to pins 
1-6 and 7-9, 11-15 

Set STROBE (STB) to Vin . 

Set PROGRAM/VERIFY (P/V) to Vi. 
Wait 1-50us 

. Set Vocp to 8.5V 


To Blow a Fuse 
Wait 1-10yus 

Set P/V to Vin 
Wait 1-50yus 

Set Vp to 14.5V 
Wait 1-5us 

Pulse STB to Vi, for 10us 
Wait 1-5yus 

Set Vp to GND 

. Wait 1-5us 

10. Set P/V to Vi, 


To Verify 
1. Wait 1-5ys 
2. Pulse STB to Vi. for 1-10us 


3. While STB is LOW, OUTPUT (F) will be 
Vit for a fuse intact and 2-8.75V for a 
blown fuse (note: F is an open-collector, 
a pull-up circuit may be needed) 


Go To Set-Up for Next Fuse 


OPA w 


22S 2 SS 
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Table A-1. Program Cycle Row/Column Fuse Addressing 


PLS153 


ROW 
HEX ADDRESS SELECTED 


VARIABLE 


Variable Select Table! Term Select Table” 


ROW 
HEX ADDRESS SELECTED 


VARIABLE 
Igl7By | BB3B4Bs 


COLUMN 
HEX ADDRESS SELECTED 
PRODUCT TERM 


Igl7Bo 


Empty Address 
Space 


OOMON Ooh OND =| © 


9 
8 
7 
6 
5 
4 
3 
2 
4 
0 


Polarity Enable 


Empty Address 
Space 


| ll/Bo_|B289B4Bs 
3 0 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 8 
3 9 


Control 
| Terms 


on -O 1M TCO DWF OD NO OTA WD =0 TM COO WPF CO NOD WA OD 


Polarity 
Terms 


0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 
0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 
0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 
0 
1 

2 
3 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
1 
8 
9 


-ecennennelennennenen 


NOTES: 
1. A row address identifies a particular variable coupled to all product terms. 
2. With a variable selected by the row address the column address further selects a coupling fuse for each term. 
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Table A-2. Program Cycle Row/Column Fuse Addressing (Continued) 


PLS159 
Variable Select Table’ Term Select Table? 


ROW COLUMN 
HEX ADDRESS HEX ADDRESS SELECTED 
TERM 


| BiB2B [FoF Fors CLK | IralaBo 


ROW 
HEX ADDRESS SELECTED 
VARIABLE 


SELECTED 
VARIABLE 


A a 


0 

4 

2 

Fe " 3 

4 

Flip- |e J 5 
flop 5 K 6 
Control c J : 
Terms |' 4 K : 


AaelAai Aa 


Kn 


aot et td et oto OOO OOO OOOCOCOOCOOUOUCUCUOCOCLU€D 


Con- 
trol 
Term 


FC 
_ EA 
Out- EB 
put 
Enable A = 
Do 
D; 
De 
Dg 


0 
Polarity B, 
Terms 


ssvsfefofvvsleeeceees 
ro>e)o]o[aon-]-oanenac mm DOO Wr OD NO OSB OND +0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 


mmmOoOOQO Wr ©7D NO OA OD =0O TM COO Wr CO NOD OAR WD =0 


ey 


Test Col. 2 
Test Col. 1 


NOTES: 
1. A row address identifies a particular variable coupled to all product terms. 
2. With a variable selected by the row address the column address further selects a coupling fuse for each term. 
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R15 
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cll — STROeE 
PN 
P16 
3.3 14W 1% SENSE 
Guo P10 


VESP(H) = 14.0-15.0V = CS=- 0.01F 


VFSP(L) = 1.25-1.75V PIs vp 


P20 

vece 
VCCP(H) = 8.25-8.75 
VCCP(L) = 1.1-1.3V 


SELECT 
TO GIVE 
8.25-8.75V UNDER WITH Q2 OFF 


Figure B-1. PLD 20 Programmer 
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Table B-1. Baud Rate Generation and UART Control PLD U1 Revision ''B" Adds Test Mode 
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Table B-2. Low Cost Programmer PLD #U4 Variable Address Generator 


[31211101 3/2) 1/0] 716] 5/4} 3i2i1lo 
pet a te te ttt = 


CA DPSS ESNesrerrenr 
MENGE OesSneeeaceee 
| 8 |010/0/0| Olo] ol ol olololol ojo 


=]8Ie| 
nou 
EAE 
= |=|=| 
Bae 
clr 
nn 
o 
Fm 
= 
SECS 
oo 
ee 
ca 
on 
V[eole 
Po] 
eb PP EEE Tol Pept hh hip e 


fal 
| 
=| 
oe 


lol olololo 
MAavibOeeeCroseseaeas 
[18 | JH CIH [eel ie] - | -| | -} -|-|-| 
1191 010 |o| ololo| ol olojo| ol ole] olojo 
ett de fo 


a 
ESE 
r= 
=[x 
rie 
ro 
Gite 
Pr 
om 
FIES 
ne 
AG 
on 
it | 

a 
ee 


TB01870S 


November 1986 9-65 


| o| 


Signetics Application Specific Products Application Note 


Low Cost Programmer for PLD 20-Pin Series AN12 


Table B-3. Low Cost Programmer PLD #U4 Variable Address Generator 


|30| 0} 
31 | | 
[FC] QO 
[PBI e 
[RB « | 
LB] | 
[PA | ¢ | 
RAL «| 
LA | « | 
/03| «| 
[02] ° | 
101] « | 
Bo] « | 


REMARKS 


TBO1680S 
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Table B-4. Low Cost Programmer PLD #U2B Revision ''3'' Data Register 
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Table B-5. Low Cost Programmer PLD #U6 Revision ''B'' Results in New Timing Figures 
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Table B-6. Low Cost Programmer Parts List 


Peres | ua. DESCRIPTION RADIO SHACK # 


Resistors 


1002. 1/4W 5% 
6202. 1/4W 5% 
1KQ. 1/4W 5% 
2702. 1/4W 5% 
1.8KQ 1/4W 5% 
3922 1/4W 5% 
3.32 1/4W 5% 
12022 1/4W 5% 
76Q. 1/4W 5% 
4782 1/4W 5% 
1KQ 1/4W 5% 
10K&2 1/4W 5% 
10KQ. 1/4W 5% 8-Pin SIP 


271-1421 


271-1324 


271-1307 
271-023 


aoe ost as se ND SS 


0.047 uF 
4700uF Elec. 35V Axial 
220uF Elec. 35V Axial 
470pyF 
0.01 uF 


272-1022 
272-1017 


6.2V Zener 1N4735 276-561 
9.1V Zener 1N4739 276-563 
1N4001 276-1101 


10mA Red LED 276-041 
1.4A Full-Wave Bridge 276-1151 


No Nh | — a2 


Voltage regulators 

VR1 - VR3 3 LM317 TO-220 
VR4 1 7805 TO-3 
Integrated circuits 


U1, U2, 
U4 -U6 


276-1778 


PLS159IFL— Codes Req'd 


AY-3-1015 UART 276-1794 


Transformers 


18.0VAC CT, 2A 273-1515 
Ferrite Bead FB-75B-01 


Amidon Associates 


Transistors 


Q1-Q4 4 2N2222 Transistors 276-2009 
Q5 1 TIP 120 Power Dar. 
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APPENDIX C 


CONTROL 
STROBE 


6xT 


CLOCK 


6xR 
CLOCK 


SERIAL 
INPUT 


STATUS 
WORD 
ENABLE 


ONO PARITY 


NUMBER 
Y STOP BITS 


rp, ODD/EVEN 
PARITY SELECT 


TRANSMITTER 
DATA BITS 


NUMBER 
DATA BITS 


ODATA STROBE 


SERIAL 
OUTPUT 
TRANSMITTER END OF 


0 
z 
= 
[4 
i 
wi 
> 
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PARITY ERROR O 


CHARACTER 


EXTERNAL 
RECEIVER RESET 


RECEIVED 
DATA ENABLE 


DATA 
AVAILABLE 
RESET DATA, 


RECEIVER 
DATA BITS 


TRANSMITTER 
BUFFER EMPTY 
AVAILABLE 


8D01780S 


Figure C-1. Block Diagram 
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Figure C-2 
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INTRODUCTION 

The Field-Programmable Logic Sequencer 
PLS159 may be a self-contained system 
except that it requires a system clock which is 
generally provided by an external source. 
Using a simple R-C network, two bidirectional 
I/O pins, one can make a simple oscillator 
which can provide a clock frequency up to 
7MHz (typical) with a pulse width of about 
75ns. The frequency of oscillation is set by 
adjusting the RC network, or by adjusting a 
reference voltage, V. The circuit is shown in 
Figure 1. This circuit may be used to clock the 
flip flops on the same chip, or provide a clock 
for a bigger system. While this circuit uses 
only two AND-terms and one control term, 
the rest of the chip may be used for other 
circuits. 


Initially, the capacitor has zero charge and 
thus is at zero volt. Output is also at a Low, 
which disables the tri-state buffer. As the 
capacitor is being charged up, its voltage 
increases. At about 1.6V, the non-inverting 
input buffer begins to turn on. One propaga- 
tion delay later, the output goes High, which 
enables the tri-state buffer after another prop- 
agation delay. Since the tri-state buffer is 
unconditionally programmed to a Low, it be- 
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gins to discharge the capacitor at a fast rate. 
As the input voltage to the non-inverting 
buffer drops below 1.6V, the buffer begins to 
change state. One propagation delay later, 
output goes Low, which disables the tri-state 
buffer after another propagation delay. The 
R-C network is ready to start all over again. 


To implement this circuit, we first choose B, 
to input voltage from the RC network and Bo 
to be the output pin. As shown in Table 1, we 
enable the output B(O) > by ''dashing out"’ the 
AND-term Do, make the output non-inverting 
by programming POLARITY ''H" and connect 
it to term-0 by entering an A in column B(O)po 
term-0. We then program an H in B(I);, term-0 
to connect the non-inverting input of B, to 
term-0. Since we don't need the rest of the 
inputs and outputs, we "dash out'' all other 
input entries and ''dot out"’ all unused outputs 
in term-0. To create a Low output on B(O),, 
we may either have a Low input on the OR 
and have the output non-inverted, or have a 
High on the input of OR and have the output 
inverted to produce a Low. We will arbitrarily 
use the second method. Here we dash out all 
inputs and outputs in term-1 except B(O), 
which is programmed an A. We then program 
the POLARITY of B(O); ''L"’ to be inverting. 


OUTPUT 


TCooss0s 


Figure 1. R-C Network Circuit 
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Finally we program an H in Bil) and term-D, 
and dash out all unused inputs so that when 
B(O)9 becomes High, D; will enable the 
output buffer B(O);. The program is further 
illustrated by Figure 2. 


Since the High output pulsewidth is about two 
propagation delays of B,; to Bo, it is wide 
enough to drive the clock input of the 
PLS159. If a square wave is desired, one of 
the flip flops may be programmed to toggle, 
as shown in Table 1, term-4, in which case 
the output frequency of the square wave is 
half that of B(O)po. 


The stability of the output frequency can be 
controlled by: 


1. Making V a stable voltage source, 


2. making the charging current of the RC 
network much greater than the input 
current of Bil), (see Figure 4 for input 
current characteristics), 

3. making the period of oscillation much 
greater than four times the internal prop- 
agation delay (typical tpp = 35ns). 


Recommendations: 
a) Use capacitance less than 500pf. 


b) Choose R such that V/R>>I, (since 
li = —-100uA, worst case, over temperature 
range, V/R may be 1mA, for example). 


The recommendations above put a limit to the 
range of frequency which the PLS159 may 
operate in exchange for stable operating 
frequency. One may extend its range by 
reducing C to zero (remove the capacitor) 
and thus operate the circuit at its maximum 
frequency, or increase the resistance to infi- 
nite (remove the resistor), and let the external 
capacitor be charged by the input current 1), 
which gives a much lower frequency. 
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Table 1. PLS159 FPLS Program Table 


November 1986 


[| FF MODE | €e | a __ | POLARiTy 
SeERARRE ae Re ee 
| aes ee aK: aes 
(= ee ee 
Mi Tsj2{iols{2atifot7| Bo BOBODBOOnno 
| 0 | -|~| -|—|-f— alee eee etalon eee 
Se ane [-|—-|-]-J-[-|—] Hat pe eat AL Bioy_1 2400 
eS 


|| 
Wit fake eRe RRRRREE 
fos} Pa 
Be et fp prep ete pf at 
Ad (Sh Ca et se es 
oe FREES Shah snee 


TB00510S 


COMMENTS: 

1. D, is controlled by B(i)o, which enables B(O); when B(O)o outputs a High. 

2. Q(N)-o is programmed as J-K flip-flop, and will toggle automatically at each rising-edge of the clock. 
NOTE: 

1. In order for the flip-flop to work the clock out (Bo) must be externally connected to pin 1. 
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Figure 2. Logic Diagram of Oscillator Circuit 
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L001681S 
NOTES: 


1. All OR gate inputs with a blown fink float to logic ''0". 
2. All other gates and control inputs with a blown link float to logic ''1" 


3. ® denotes WIRE-OR. 
Figure 3. Logic Diagram of PLS159 FPLS 
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(1.971 pA/div) 


I (va) 


— 17.74 


V1(VOLTS) (0.60 VOLTS/DIV.) 


OP00520S 


Figure 4. Input Current vs Input Voltage Characteristics of 1/O Pins 


Voce =5.0V, V=5.0V, T,=25C 


R-2.2K, C-500pF 


Voc =5.0V, V=5.0V, T,a=25C 


R=2.2K, C=500pF 
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Figure 5. Output Waveforms of Oscillator Circuit 
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DESCRIPTION 

Using.the simple AND, OR and INVERT logic 
functions of the PLS153, memory functions 
such as latches and edge-triggered flip-flops 
may be implemented with a relatively small 
part of the chip and without external wiring. In 
this application note, we will discuss the 
implementation of two R-S latches, a D-latch, 
an edge-triggered R-S flip-flop, and an edge- 
triggered D flip-flop. 


INTRODUCTION TO PLS153 

To implement this function, let's first take a 
look at the PLS153 logic diagram and its 
programming table as shown in Appendices A 
and B. On the left side of the logic diagram 
(Appendix A) are eight dedicated inputs, Ip to 
l7, each of which has a true and a comple- 
ment output. Each output is connected to the 
inputs of 32 AND functions (we will call them 
AND-terms from now on), the outputs of 
which are, in turn, connected to the inputs of 
ten OR functions. The output of each OR 
function is connected to one input of an 
Exclusive-OR function, which is in turn con- 
nected to a non-inverting output buffer. The 
function of the XOR is to contro! the output 
polarity. The output, in its virgin state, is non- 
inverting, since one side of the XOR is 
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connected to ground by the fuse X,, where 
n=0, 1, 3...9. To have the output inverted, 
one needs only to blow fuse X, open so that 
the X, input is unconditionally High. The 
output buffers are all three-state buffers 
which may be enabled or disabled by their 
corresponding AND gates. The output buffers 
are disabled in their virgin state. All pins 
labeled ''B"' are bidirectional. Input buffers of 
the ''B" pins are identical to those of the "I" 
pins. 


The programming tabie shown in Appendix B 
emulates a truth table. All the inputs to the 
device are positioned on the left side, and all 
the outputs are on the right side. Each row in 
the table corresponds to an 18-input AND- 
term with up to ten outputs. On the left side, 
or the input side of the table, each column 
represents an input. The 18 columns repre- 
sent input buffers Ip to l7, Bg to Bg. To 
distinguish between inputs and outputs of the 
bidirectional pin, B(I) is used for input and 
B(O) is used for outputs as shown in the 
programming table. On the right side of the 
table, each column represents an output 
circuit (B(O)9~9) which consists of an OR 
gate, an XOR, and a non-inverting three-state 
buffer. The output buffers are controlled by 
AND-terms Do to Dg, the inputs of which may 
be connected to any number of the 18 inputs. 


The polarity of the outputs is defined by the 
POLARITY entries which are on the upper 
right corner of the programming table. 


To program the inputs to the AND-terms, an 
"H" will cause the fuse of the inverting input 
buffer to be blown, leaving the non-inverting 
buffer connected to the AND-term; an "L" 
will do the opposite. A ''-'' will cause both 
fuses to be blown, and therefore the pro- 
grammed input is a ''Don't care". A ''0"', the 
virgin state of the device, has both fuses 
intact, which causes the output of the AND- 
term to be unconditionally Low. 


To program the outputs, a ''."" causes the 
fuse that connects the output of AND-term to 
the input of an OR to be blown and thus 
renders the output inactive. An ''A" causes 
the fuse to remain intact and thus the output 
is active. 


The output polarity of each output buffer may 
be programmed by entering an ''H"' or an '"L” 
in the POLARITY section. An ''L" causes the 
XOR to blow its grounding fuse and become 
inverted, whereas an ''H'' leaves the fuse 
intact and the output is non-inverted. 


To AND several inputs, we put them in a row; 
to OR several inputs, we put them in different 
rows, as shown in illustrations in Appendix B. 


Signetics Application Specific Products 


Application Note 


Latches and Flip-Flops With PLS4153 


SIMPLE R-S LATCH 

A simple R-S latch may be formed by cross- 
coupling two NAND functions together as 
shown in Figure 1. 


As an illustration, let's assign the input R to Ip 
of the PLS153, input S to I;, output Q to Bo, 
and output Q to B;. As shown in Table 1, to 
form the NAND gates we need to program 
the POLARITY Low on B(O)p and B(O). To 
unconditionally enable the output buffers, we 
"dash" out all inputs to Do and D;. As for the 
inputs, we put an "'H" on lo, term-O for the 
input R, non-inverted; another ''H'' on B(I);, 
term-0O for the feedback from Q. In the same 
manner, we program |,, term-1 and B(O)po 
"H''. The POLARITY, rows 0, 1, Do and D,, 
forms a ''truth table’’ with which one can 
analyze his own or someone else's design. 
The program in Table 1 may be illustrated as 
shown in Figure 2. 
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Figure 1. RS Latch 


Figure 2. RS Latch 
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Table 1. PLS153/153A Programming Table 
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ANOTHER SIMPLE R-S LATCH 
Another way to implement a simple latch is 
shown in Figure 3, in which two NOR func- 
tions are cross-coupled to form a latch. 


As with the previous example, we first define 
the input and output pins. For this example, 
we use lo for the R input, tg for the S input, Bo 
for the Q output, and Bg for the Q output. We 
program Bo and Bz to have inverted outputs 
by programming POLARITY of Bo and Bg Figure 3. RS Latch 
Low, as shown in Table 2. Terms 6 and 7 are 
ORed together by B(O)>, rows 6 and 7. In the 
same manner B(O)3 ORs Terms 8 and 9. The 
programmed table of this design may be 
represented as shown in Figure 4. 


Since each AND-term of the PLS153 can 
accommodate up to 18 inputs (true or invert- 
ing inputs of eight from Ip to l7 and ten from 
Bo to Bg), and each OR circuit can be 
connected to up to thirty-two AND-terms, we 
can add additional features such as those 
shown in Figure 5. 


The programming of this design is left to the 
reader as an exercise. 
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Figure 4. RS Latch 
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Figure 5. RS Latch 
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Table 2. PLS153/153A Programming Table 
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D-LATCH 


A simple D-latch can be constructed with an 
PLS153 as shown in Figure 6. 


This circuit may be easily programmed into 
the PLS153 as shown in Table 3. The pro- 
gram may, in turn, be represented as shown 
in Figure 7. 


This circuit may be expanded to have multiple 
D-latches using the same latch enable (LE). 


Figure 7. D-Latch 


Figure 6. D Latch 


R-S FLIP-FLOP 

Two R-S latches may be combined to form a 
master-save flip-flop that is triggered at the 
rising-edge of the clock (or the falling-edge of 
the clock, if the designer so desires). Figure 8 
shows a combination of two sets of cross- 
coupled NOR gates concatenated to form the 
flip-flop. The implementation of this circuit Figure 8. RS Flip-Flop 
using PLS153 is as illustrated in Table 4 and 
Figure 9. 


Figure 9. RS Flip-Flop 
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Table 4. PLS153/153A Programming Table 


POLARITY 
Pt feed fe 
ees «|: ee 


S87 161514] 3121 4]0) 


H 
ras fo lotelelofot elalelep 
joyeloleloyAleleleh 
je | ae 


November 1986 9-83 


jo} 


Signetics Application Specific Products Application Note 


Latches and Flip-Flops With PLS153 ANAA 


D FLIP-FLOP | | An PLS153 may be programmed as shown in 
An edge-triggered master-slave D flip-flop Figure 11 to implement the D flip-flop which is 
may be constructed with two D-latches in the  @duivalent to the circuit shown in Table 5 in 
manner shown in Figure 10. the PLS153 logic representation. 


Figure 11. D Flip-Flop 
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Table 5. PLS153/153A Programming Table 
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1. All programmed "AND" gate locations are pulled to logic ''1"'. 
2. All programmed "OR" gate locations are pulled to logic "0". 
3. Programmable connection. 
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R-S LATCH (Cross-Coupled NOR) 
See Figures 3 and 4 and Table 2 


D-LATCH 
See Figures 6 and 7 and Table 3 
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EDGE-TRIGGERED R-S Flip-Flop 
See Figures 8 and 9 and Table 4 
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NOTE: Timing requirements/performances ‘are the 
same as the R-S latches 
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R Pin 3 


S PIN 4 


Q PIN 12 


Q PIN 13 


D PIN 6 


LE PIN 7 


~Q PIN 14 


R PIN 1° 


S Pin 2 


CLOCK PIN 3 


Q PIN 13 


Figure C-1. 


R-S LATCH (Cross-Coupled NAND) 
See Figures 1 and 2 and Table 1 


| SPIN 1 
R PIN 2 
ee tee Q PIN 9 
Q PIN 11 


Typical set-up time = Ons 
Typical hold time = 0- 5ns 
Typical propagation delay = 20ns 


EDGE-TRIGGERED D Flip-Flop - 
See Figures 10 and 11 and Table 5 


D PIN 4 
™ CLOCK PIN 5 
Q PIN 15 _ 
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same as the D-latch 
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INTRODUCTION 

The PLS159 is a field programmable logic 
sequencer which consists of four dedicated 
inputs, four bidirectional |/O's, eight flip-flops, 
thirty two 16-input AND gates, twenty 32-input 
OR gates, and a complement array. Each flip- 
flop has a bidirectional |/O and may be 
individually programmed as J-K or D flip-flop, 
or switch between the two types dynamically. 
The flip-flops will accept data from the inter- 
nal logic array or from the bidirectional I/O, or 
they may be set or reset asynchronously from 
the AND array. The output polarity of the four 
bidirectional |/O's are programmable and the 
direction is controlled by the AND array. 
Figure 1 is the logic diagram of PLS159. 


PROGRAMMING THE PLS159 
The programming table is shown in Table 1 
where there is a place for everything that is 
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shown in Figure 1. The program table is 
basically divided into two main sections. The 
left hand side of the table, section A, repre- 
sents the input side of the AND gates, while 
the right hand side, section B, represents the 
OR gates sections which includes the flip- 
flops and the combinatorial outputs B(O) to 
B(3). The flip-flops modes are defined in 
section C and the output polarities of the 
combinatorial outputs are defined in section 
E. The programming symbols are detailed in 
Figure 2. 


As shown in Table 1, the programming table 
is very similar to a truth table. Each column in 
section A represents an input to the 32 AND 
gates, and each row represents an AND gate 
connecting to 17 inputs. Columns lp to Ig 
represent the 4 dedicated inputs, Ip to Ig. 
Columns B(!)o to B(I)3 represent the inputs of 
the 4 bidirectional 1/O, Bp to Bg. Columns 


9-89 


Q(P)o to Q(P)7 represent the feedback, Fo to 
F7, from the flip-flops (the present state). 
Column ''C" represents the complement ar- 
ray. 


As shown in Figure 1, the outputs of the AND 
gates are connected to an array of OR gates 
which, in turn, are connected to either flip- 
flops or output circuits. Columns Q(N)o to 
Q(N)7 represent the next state which the flip- 
flops will be in. Columns B(O)9 to B(O)3 
represent the combinatorial outputs Bg to B3. 


Each row represents an AND gate with 17 
inputs each of which may be true and/or 
complement and is, therefore, a perfect de- 
coder. Referring to the programming symbols 
in Figure 2, to implement the equation 


Z=A*B*C*D, 


all one has to do is to enter one line as shown 
in Table 2, term-O. 
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NOTES: 
1. All OR gate inputs with a blown link float to logic ''0". 
2. All other gates and control inputs with a blown link float to logic "1". 
| 3. ® denotes WIRE-OR. 
Figure 1. FPLS Logic Diagram 


November 1986 . 9-90 


Signetics Application Specific Products Application Note 


PLS159 Primer AN415 


Table 1. FPLS Program Table 
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The FPLS can be programmed by means ment the desired logic function are coded _In these Tables, the logic state or action of 

of Logic Programming equipment. directly from the State Diagram using the all I/O, control, and state variables is as- 

Program Tables on the following pages. signed a symbol which results in the proper 
fusing pattern of corresponding links de- 
fined as follows: 


8,0 
1, B,Q a 8, 
t, B, ’ 


With Logic programming, the AND/OR-EX- 
OR input connections necessary to imple- 


(T, Fo, L, P, R, D), (T, Fo, L, P, R, D)y (T, Fo, L, P, R, O)p (T, Fo, L, P, R, Dj, 


STATE | CODE | CODE STATE STATE [ COvE] 
iwactve’? | O | | ___'8.@ ! Dont care | — | 


LD00110S 


"AND" ARRAY - (i), (B), (Qp) 


(Tp: Fo) (Th. Fe) (Th. Fo) 


ACTION | CODE] ACTION | cooe | 3 | CODE | 
acrvetos f -O4 PROPAGATE | | TRANSPARENT i = | 


1D00140S LD00150S 


"COMPLEMENT" ARRAY - (C) 


(Dy by Pp Ry) (Dy Ly Pp Ry) 
[action [cooe] ACTION | CODE | CODE 
. K OR D 


LD00160S L000180S 


"COMPLEMENT" ARRAY (cont.) "OR" ARRAY - (MODE) 


Tn STATUS [CODE | __T,Status | CODE | 
ACTIVE (Set) [a | INACTIVE (Resen je | 


1D00210S 


"OR" ARRAY - (Qu = D-Type) 
Figure 2 
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000230S LD00240S 


"OR" ARRAY -(Q,, = J-K Type) 


Ta STATUS — ! 
pete 2 Ae) L_imacrve | 


LD00260S L000280S 


ACTION CODE | ACTION 
imLE4 ENABLE* 


£000310S LD00320S L000330S 


"OE" ARRAY - (E) 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fo, L, P, FR, D), will be unconditionally inhibited if any one of the |, B, or Q link pairs is left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, Fo. 

4. E,=O and E, =e are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D), due to their lack of "OR" array links. 


Figure 2 (continued) 


November 1986 9-93 


Signetics Application Specific Products Application Note 


PLS159 Primer | AN45 


Table 2. FPLS Program Table 
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Notice that only Ip to Iz on the left hand side 
and B(O), on the right hand side have entries 
to implement the equation. All unused col- 
umns are dashed out or dotted out. 


To implement the equation 
Y=/A* B* /C, 


enter one line as shown in Table 2, term-2 
where the entry "'H'' represents the non- 
inverting input buffer while the entry "L" 
represents the inverting buffer. To have the 
AND gate to be unconditionally "High'', dash 
out all the inputs of that particular AND gate 
as shown in Table 2, term-4. The virgin 
condition of the device, as shipped from the 
factory, has all connections intact, which 
means that the inverting and the non-invert- 
ing buffers of the same inputs are connected 
together. Such connection will cause the 
AND gate to be unconditionally ''Low' as 
shown in Table 2, terms 6 and 7. The 
unconditional High and Low states are nor- 
mally useful only internally and seldom 
brought out to the output pins. 


To implement the equation 
W=A * /B+C * /D, 


enter one line for A * /B and another line for 


C * /D as shown in Table 2, terms 9 and 10. ~ 


Use one line to AND something together; use 
‘different lines to OR something together — 
one line per item to be OR'ed. 


All the pins which are labelled B's are bidirec- 
tional I/O pins. Their input buffers are repre- 
sented by the Bil) columns on the left hand 
side of the programming table. An ''H'' entry 
represents the non-inverting buffer and an 
"L'" entry represents the inverting buffer. 
Their output buffers are represented by the 
B(O) columns on the right hand side of the 
table. An ''A'' entry means that the output is 
active (connected to the AND gates); a ''." 
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entry means that the output is inactive (not 
connected). The outputs may be programmed 
to be inverting or noninverting. The polarity of 
each output is determined by its exclusive OR 
gate (Figure 1 and Figure 2). To have a non- 
inverting output, enter an ''H"' in the section 
labelled ''POLARITY'' (Table 1, Section E). 
To have an inverting output, enter an ''L"'. For 
example, Table 3, terms—0 and—2 implement 
the equation 


Z=/(A * B) and Y=A*B 


respectively. The above two equations may 
also be implement by term-4 which uses the 
same AND gate to drive two OR gates. 


Besides being able to have programmable 
Active-High or Active-Low output, the pro- 


- grammable output polarity feature also low 


output, the programmable output polarity fea- 
ture also allows the user to minimize his AND 
term utilization by converting his logic equa- 
tion into other forms such as conversion by 
De Morgan Theorem. 


For example, the equation 


X=A+B+C+D 


takes four AND terms to implement as shown 
in Table 3, terms 6 to 9. By using De Morgan 
Theorem, the same equation is changed to 


IW=/A * /B * /C * /D 


The result is as shown in term 11 -a saving 
of three AND terms. The output buffers are 
disabled in their virgin states so that they all 
behave as inputs. The buffers are enabled or 
disabled by their corresponding Control AND 
terms Dp to Dg (see Figure 1). The Control 
AND terms are represented in the program- 
ming table on the last four rows on the left 
hand side. Dashing out all the inputs will 
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cause the output buffer to be unconditionally 
enabled, whereas a '’0"' (zero) will cause the 
buffer to be unconditionally disabled. The 
buffers may also be controlled by a logical 
condition, e.g. A * /B * /C, etc. 


There are eight flip-flops on the chip each of 
which may be programmed as a J/K or a D 
flip-flop, or they may be programmed to 
switch dynamically. As shown in Figure 1, 
each flip-flop is a J/K to begin with. A tri-state 
inverter is connected in between the J and K 
inputs of each flip-flop, which when enabled 
by the AND gate Fc, will cause the flip-flop to 
function as a D flip-flop. The inverters are 
enabled by Fc through fuses Mg to M7. A"’."' 
in the F/F Mode entry of the programming 
table means that particular fuse is to be 
disconnected and that particular flip-flop is to 
be J/K. An "'A" entry will leave the M fuses 
intact, which allow the flip-flop to be D or J/K 
as controlled by the output of Fc (see Figure 
2, "OR" ARRAY —-(MODE)). The inputs to 
the flip-flops are represented by the program- 
ming table as the next state, Q(N)o to 7 since 
their inputs are from the OR array. The 
outputs of these registers are connected to 
their respective tri-state inverting output buf- 
fers, four of which are controlled by EA and 
the other four by EB. A "'." in EA will enable 
outputs Fo to F3, whereas a ''-"' will disable 
them. An "A" will allow the output buffers to 
be controlled by /OE, pin 11. Table 4, terms 
0, 1 and 3 represent the following equations 


Qo: J =A*C+/B*/E 
Qo: K=A*/C 


Notice that the J input in equation 1 is 
represented by the ''H" entry in terms—0O and 
1, column Q(N)o while the K input in equation 
2 is represented by the '"'L” entry in term—3, 
column Q(N)p. An undefined input, J or K, is 
considered "Low". 


eq. 1 
eq. 2 
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Table 3. FPLS Program Table 
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Table 4. FPLS Program Table 
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A D flip-flop may be implemented by first 
entering an ''A" in F/F MODE. Then enter 
"0" in the row Fo, which will unconditionally 
enable the tri-state inverter between the J 
and K inputs. The following logic equation 
may be implemented as shown in Table 4, 
term 5 


Q;: D=/A * /B * /C+E. 


Notice that the entries in term 5, columns 
Q(N)o to 7 are "A" and "." instead of ''H" 
and "'L" as in the case of J/K flip-flops. The 
entry '"'A'' will cause the fuse connecting to 
the ''K"' input to be disconnected and the '"'J"’ 
fuse to be intact. Whereas the entry "'."’ will 
cause both fuses to be disconnected. This 
feature enables the user to quickly recognize 
the mode in which the flip-flops are operating 
without having to go through the control 
terms. Some commercially available device 
programmers in the market may not have the 
software capability to implement this feature, 
in which case an '"'H" and a"'-"' may be used 
in place of "'A" and ''."' respectively as shown 
in Table 4, terms 8 and 9. 


Of course, the term Fo may have inputs 
instead of zeros and dashes, in which case 
the flip-flop modes are controlled dynamical- 
ly. 


When both the J and K inputs are ''1's"’, the 
flip-flop will toggle. A simple 3-bit counter may 
be implemented using only AND terms as 
shown in Table 4 terms 11, 12 and 13. The 
logic equations for the three flip-flops are as 


the following: 
Qs: T = 1; (Qs toggles unconditionally) 
Qs: T=Qs; (Qe toggles when Qs = 1) 


Q7: T=Q5*Q6; (Q7 toggles when Qs * 

Qe = 1) 
The above equations represent an octal up- 
counter. However, since the outputs of the 


flip-flops are inverted, the counting sequence 
of the outputs is that of a down-counter. 


The flip-flops may be asynchronously set and 
reset by the Control AND terms PA/PB and 
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Figure 3 


RA/RB respectively. As shown in Figure 1, 
PA and RA controls flip-flops Fo to F3, while 
PB and RB control F, to F7. 


In order to save the number of input pins, the 
eight flip-flops may be synchronously loaded 
directly from their own output pins. To use 
this feature, EA and/or EB must be pro- 
grammed "A" or "-"" so that the output 
buffers may be disabled before loading. As 


shown in Figure 1, every flip-flop has an OR/. 


NOR gate the input of which is directly 
connected to the output pin and the outputs 
of the OR/NOR are connected to the K and J 
inputs respectively. This OR/NOR gate in- 
verts the input and feeds it to the flip-flop in a 
“wire-OR" fashion. Therefore, when loading 
data directly into the flip-flops from the output 
pins, caution must be exercised to insure that 
the inputs from the OR array does not inter- 
fere with the data being loaded. For example, 
if the data being loaded is a ''1"' on the output 
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pin, the J input will be a ''O"' and the K input 
will be a ''1'"'. If, at the same time, a ''1"' is 
present at the J-input from the OR array, the 
flip-flop will see ''1's"' in both J and K inputs. 
It will toggie as a result. The OR/NOR gates 
are enabled by the Control AND terms LA 
and LB. LA controls flip-flops Fo to Fz and LB 
controls F,4 to F7. 


All Control AND terms function and are pro- 
grammed in the same manner as the other 
AND terms. The only difference is that the 
Control AND terms are not connected to the 
OR array. — 


The outputs of the flip-flops may be fed back 
into the AND array as the present state, Q(P). 
The output of the AND array into the OR array 
and the inputs to the flip-flops is the next 
state, Q(N). As an example, Figure 3 is a 
state machine implemented in a PLS159 as 
shown in Table 5, terms 0 to 6. 
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Table 5. FPLS Program Table 
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DESCRIPTION 


The field-programmable logic sequencer 
(FPLS) PLS159 has eight edge-triggered flip- 
flops which may be individually programmed 
to be J/K, D, or toggle flip-flops. The detail 
logic diagram of the device is shown in Figure 
2. . 


A counter may be constructed by having 
individual flip-flops toggle when they are at 
certain states. Implementing such counters 
requires one toggle flip-flop per bit and an 
associating AND gate as a decoder for each 
flip-flop. Such a method allows the PLS159 to 
be a counter from modulo 2 to 256 or from 
one bit to 8 bits. 


MODULO-8 UP/DOWN 
COUNTER 


The Up-Counter 

The PLS159 has an inverting output buffer for 
each flip-flop. Therefore the counting se- 
quence of the flip-flops is from 7 to 0 so that 
the outputs will count from 0 to 7. Table 1 is 
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the truth table of the internal counting se- 
quence. 


Table 1 
COUNT Q, Q, 


oOo O-"0— 


1 
1 
0 
0 
1 
1 
0 
0 


From Table 1, logic equations for the flip-flops 
may be generated as the following: 


Qo: T = 1; (Qo unconditionally 


| — toggles) — 
Q4:T = /Qo; (Q, toggles if 
Qo = 0) 
Qo: T = /Q9.*/Q4; (Qe toggles if both 
3 7 ~ Qo and Q, =0) 
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The equations are implemented as shown in 
Table 2, terms 0, 1, and 2. E, is enabled, and | 
the mode for the three flip-flops is set to J/K. 
All unused flip-flops and outputs (the B(0)'s ) 
associating to AND-terms are "dashed" or 


"dotted" out. The event to be counted is 


connected to the cock input, pin 1 of the 
device. 


The Down-Counter | 

The down-counter is constructed in the same 
manner as the up-counter except that the 
counting sequence is reversed. The down- 


- counter is implemented in Table 2, terms 4 to 


6 with the corresponding flip-flop mode set to 
J/K and Eg enabled. 


Modulo-16 Counter 

Expanding the modulo-8 counter to 4-bit, the 

counter becomes modulo-16, Table 3, terms 

0 to 3 and the associating F/F MODE and E, 

implement a modulo-16 up-counter, while. 
terms 5 to 8 and the associating F/F MODE 
and Eg implement the modulo-16 cone: 

counter. 


Signetics Application Specific Products 


PLS159 As Modulo Counters 


Table 2 


oe Ea 
Cine ae eee ERE 
eet atatstata tat ate HohaaT NEST 
[8 | 7] 6 |19]18/17|16/15 


newanns [2 


Application Note 


AN16 


7B00021S 


November 1986 9-101 


rol 


Signetics Application Specific Products Application Note 


PLS159 As Modulo Counters | AN16 


Table 3 
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DECADE COUNTER 
The Decade Up-Counter 


The truth table of a decade counter is as 
shown in Table 4. 


Table 4 
COUNT Q3 Q2 Q4 


—h 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


“O04 4 46 wow ow oa 
-~-s-==-4=O00044 48 4 
+--+ 4300-4 00-48-4 
-=oOo-0-O0=;-020- 


Logic equations may be generated from Ta- 
ble 4 as the following: 


Qo: T = 1; 

Q,;:T= 1Qo - Qs3; 

Qo: T = /Qo i‘ /Q, . Q3; 

Q3: T = 1Qo * /Q, * /Qo - Q3 + 
/Q9 * Qy* Qe * /Q3; 
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Figure 1 


The equations are implemented as shown in 
Table 5, terms 0 to 4 and the associating flip- 
flop mode and E, settings. 


Decade Down-Counter 

The decade down-counter is similar to the 
decade up-counter except that the counting 
sequence is reversed from 0 to 9 as shown in 
Table 5, terms 6 to 11 with the associating 


-F/F MODE set to J/K and Eg to ENABLE. 


Decade Down Counter 
Q7 


0 
0 
1 
1 
{ 
1 
1 
1 
{ 
1 
0 


at ot er ot OOOO = 
—~’te st OO~A += OO — = 
o- oO - 0-000 


* Qs * Qs * /Q7 + 
Q, * /Qs5 * /Qg * Q7z + 
Q,* Qs * /Qg* Q7 + 
Q, * /Q5 * Qgp* Q7; 
Qs: T = Q, . Qs . Qs ‘i /Q7 + 
Q4* Qs * /Qg* Q7 ; 
Q7: T= Q, sf Qs 7 Qs fe /Q7 + 
Q, . Qs : Qs ‘ Q7 ; 
9-103 


DIVIDE-BY-N COUNTER 

This counter, shown in Figure 1 and Table 6, 
takes an input (maximum = 8 bits for each 
device), complements it, and counts until all 
flip-flops become 1, then a terminal count is 
sent out at B(O)9 (divide-by-N). At the end of 
the count, where ail flip-flops are 1's, terms 
LA and LB are activated which causes the 
flip-flops to load data from Fo to F7, and the 
cycle starts again. Since there are 8 flip-flops, 
the maximum count is 256. 
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NOTES: 
1. All OR gate inputs with a blown link float to logic ‘'O". 

2. All other gates and control inputs with a blown link float to logic "1". 
3. ® denotes WIRE-OR. 
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INTRODUCTION 

A combination lock may be opened by enter- 
ing the correct numbers which match the 
preset security code that may be of any 
number of digits. Using a PLS157, an elec- 
tronic combination lock with user settable 
security code may be constructed. The secu- 
rity code may be one to five hexadecimal 
digits that can be preset by the user. The lock 
takes a 4-bit binary input as the ''combina- 
tion" and a "Data Valid" input, which means 
that the combination may be five digits long 
and each digit may be from 0 to F. If the input 
matches the preset digit of the security code, 
the lock will wait for the next digit. If the input 
does not match the corresponding digit of the 
security code, the lock will reset itself to the 
first digit position again. The user may use as 
many as five digits for the combination which 
may be set by using five DIP switches or 
other means. The lock may be used in 
conjunction with a 4-bit binary encoded rotary 
switch, or an encoded push button key pad, 
or an optical card reader, or a magnetic strip 
reader. The design takes advantage of the six 
JK flip-flops of the PLS157, the bidirectional 
1/O's, the complement array, and the general 
architecture of common product terms. 


DESCRIPTION 

Figure 1 shows an example of an electronic 
lock which uses five DIP switches to set the 
security code (hexadecimal 0 to E, F is 
reserved for reset), a 4-bit binary encoded 
rotary switch to enter the combination at Ip to 
I3, and a single pole double throw push button 
switch, ''Data Valid", as the clock which is 
debounced by the associated circuitry of pin 
Bs. The security code is set with five DIP 
switches which are connected to a four line 
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input (B(I)o to B(I)3). The five DIP switches are 
multiplexed by the outputs of the flip-flops, Fo 
to F4. In normal operation, one of the F/F 
outputs is Low (the content of the register 
being a ''1"') while the other five are High. 
The operation is actually a shift register with a 
zero bit shifting through five one's. Therefore 
only one DIP switch is pulled Low (selected) 
at any one time while the rest is deselected. 
The pin named "MATCH", B(O),, is an !/O 
which outputs a High if the input matches the 
corresponding digit of the security code, oth- 
erwise it outputs a Low. A High output of 
B(O),4 enables the shift register to shift one 
position while a Low causes the shift register 
to reset to the starting position which is a ‘'1'' 
in F/Fo (flip-flop 0) (Fo is Low due the output 
inverter) and ''0's" in the other five (Fy to 
Fs = High). The state diagram of the design is 
as shown in Figure 2 where the state num- 
bers are expressed in two hexadecimal digits. 
The least significant digit consists of F3, Fo, 
F,, and Fo; whereas the most significant digit 
consists of Fs, and F,. At the top of the state 
diagram, the power-up and reset state is 00 
hex. When the outputs have more than one 
Low, as sometimes happens during power- 
up, the circuit automatically resets the regis- 
ters to 00 hex which causes all outputs to be 
High in order to prevent more than one DIP 
switch being enabled. After power-up or re- 
set, pushing the "Data Valid'' button will 
initialize the circuit to have the first digit of the 
security code enabled. Subsequently, any 
false entry will cause the circuit to go back to 
the initialized state of 01 hex. When the first 
digit is correctly set and the "Data Valid" 
button pressed, the circuit goes to 02 hex and 
the second DIP switch is enabled while the 
first DIP switch is disabled. The circuit is now 
ready for the second digit. By repeating the 
process, the circuit keeps shifting the ''1"’ in 
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the shift register until it reaches F/Fs at which 
time the Low output may be used to trigger a 
solenoid. If at any time of the sequence, an 
incorrect digit is entered, the circuit reverts 
back to the initialized state of 01 hex. 


Notice that any of the five outputs from F, to 
Fs may be used as an output. Therefore, if, 
for example, a two digit security code is used, 
only two DIP switches are needed and the 
output is taken from Fo to trigger a solenoid. 
After the last digit has been entered, all DIP 
switches are deselected and the inputs B(I)o 
to B(l)jg3 become 1111 binary, or F hex. 
Therefore, the hex number F is not used as a 
valid code but as an initialization input en- 
tered at Ig to Ig. When the hex number F is 
entered, the circuit initializes itself to the 01 
hex state. After the last digit of the security 
code has been entered, if the ''Data Valid" 
button is pressed again, the circuit sees a 
false entry and reinitializes itself. 


The design is implemented using a PLS157 
as shown in Table 1, H/L Programming Table 
of Electronic Lock. P-terms 0 to 14 are 
programmed as decoders. If an input 
matches the corresponding digit of the securi- 
ty code, one of the p-terms will be active 
which causes B(O), to output a High which, in 
turn, enables the registers to shift to the next 
digit by terms 16 to 20. In the event that an 
incorrect input is entered, B(O)4 outputs a 
Low which, in turn, causes the registers to be 
set 000001 binary by term 21. If an input of F 
is entered, term 15 causes the registers to be 
000001. Terms 22 to 29 and RB ensure that 
no more than one register is ''1'"' at a time. 
Terms 22 to 28 are connected to the comple- 
ment array, which in turn, drives terms 29 and 
RB to set the registers to 000000 when terms 
22 to 28 are inactive. 
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NOTES: 
1. All diodes are Philips BAT81 Schottky diodes or equivalent. 
2. Single pole double throw momentary switch. 


Figure 1. Simple Block Diagram of Electronic Lock 


POWER UP/RESET 


INITIALIZATION 


1st DIGIT 
FALSE ENTRY 


2nd DIGIT 
FOR nd DIGI 


FALSE ENTRY 
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FALSE ENTRY 
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FOR 
FALSE ENTRY 
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Figure 2. State Diagram of Electronic Lock 
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Table 1. PLS157 H/L Programming Table 
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189 series is. the avail ability oe individually 


~~ tage of this feature, a ‘Schmitt trigger may be 


fs constructed using one input pin, two bidirec- 
~ tonal: I/O pins and additional components of 
' three resistors. The two threshold voltages, 


‘as well as the hysterisis, are determined by 


4 the values of the three resistors and the 


- parameters of the PLS153/159 device, which 
are 1) input threshold voltage, Vy, 2) High 


a output voltage, Vox, and 3) Low output volt- 
' . age, Vor. The circuit may be simplified if 


Schmitt function is needed only on Low going 
High or High going Low, and if the hysterisis 
_and threshold voltages are not important. 


DESCRIPTION 


“A simplified block diagram of a non-inverting 


_ Sehmitt trigger is shown in Figure 1 where Ry, 
Re, and Ry, Rg, form two pairs of voltage 
dividers one of which get into action at input 


voltage direction of High going Low and the 


other Low going High. Assuming . that. input 
voltage starts at zero volt, the output voltage 


ig therefore at Vo, which causes Qz to pull Re 
iene towards ground. As the input voltage in- 
oe eee. a a fraption of the voltage is 
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ae “ienprensed upon the aaa buffer due to the | 
dividing network R; and R3. As soon as the 


input voltage reaches a point where V1 = Vry 


(Vy = 1.38V typical), the output switches to 
Vou which, in turn, turns off Q2 and turns.on 


Q;. V; will jump to a value greater than Vry 
and Q, then pulls the input pin, through Ro, 
towards Voy, which in turn locks the output to 


‘a High state even if the input voltage fluctu- 


ates, as long as it does not fluctuate outside 
of the designed hysterisis. When the input 
voltage goes from a High to a Low, the 
Schmitt function repeats itself except that Q, 
and Qo reverse ‘their roles. 


The triggering voltages, Vi (Low going High) 
and V, (High going Low) are: 


Vu = VrH (Ri + Rg)/Re] - Vor (Ri/Ra); 


Vi = VtH [(R1 + R2)/Ral - Von (Ri/Ra2); 

where, at room temperature, Voc = 5.0V, 
lon/loL < 1MA. Vt} is the threshold voltage 
of the device, typically 1.38V; Vo, is the 
output Low voltage of the device, typically 
0.36V at | lo. | <1mA; Von is the output 


High voltage of the device, typically 3.8V at 


tow | <1mA. 


The implementation of Figure 1 using 
PLS153/153A is as shown in Table 1, and 
Figure. 2a. A scope photo of the operation of 


the -circuit is shown in the eee The 


implementation using PLS159 is shown in — 


Table 2 and Figure 2b. In Tables 1 & 2, V; is 


the input pin, Vo is the output pin, Vo is the 
output which pulls down V; and V3 is the 
output pin that pulls up V;. The Schmitt 
output is available at pin Bo for external use, 
and is available internally at the input buffers 
of Io and B(l)o. However, there is a propaga- 
tion delay between the two signals from the lo 
buffer and the B(I)o buffer. 


An inverting Schmitt triggered buffer may be 
constructed using the same principle. A sim- 
ple block diagram of such inverter is shown in 
Figure 3a. The circuit is implemented using 
H/L programming table as shown in Table 3 
for PLS153 and Table 4 for PLS159. Table 3 
is also represented in logit symbols in Figure 
3b. If the voltage levels (V;_ and V4) and the 
hysterisis are not critical, one |/O pin may be 
used to pull the input pin High and Low. 
Therefore one I/O pin and a resistor may be 
saved. The drawback is that the range of Vy 
and V__ is quite limited. The circuit is as shown 
in Figure 4. 


if Schmitt function is needed only in one 
direction, one of the resistor/output circuit 
may be eliminated. The circuit is as shown in 
Figure 5. | 
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Figure 1. Simplified Block Diagram of a Schmitt Trigger 
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Schmitt Trigger Using PLS153 and PLS159 


Table 1. PLS153/153A Programming Table 
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Schmitt trigger output may be obtained from both 19 and Bi1)o to drive the AND-ARRAY. 


NOTE: 
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b. Using PLS159 
Figure 2. Schmitt Trigger 
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Table 2. PLS159 FPLS Programming Table 
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a. Simplified Block Diagram 


b. Using PLS159 


Figure 3. Inverting Schmitt Trigger 
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Table 3. PLS153/153A Programming Table 


Pt | yy ty peede. 
a: 
uO 


817/615) 41312) 110) 


November 1986 | 9-415 


Application Note — 


: Signetics Application Specific Products 


AN48 


Schmitt Trigger Using PLS153 and PLS159 


‘Table 4. PLS159 FPLS Program Table 
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INPUT > OUTPUT 


V, =0.78V, Vy =1.6V 
TC01890S 


Figure 4. Schmitt Trigger Using One I/O Pin 


INPUT 
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a. High Going Low Direction 


TC01910S 
b. Low Going High Direction 
Figure 5. Schmitt Trigger 


APPENDIX A 


Output 


0.5ms/div 


NOTE: 
Ry = 3.9kQ, Ro = 10.8kQ, Rg = 2.0k82, Voc = 5.0V, Ambient temperature ~ 25°C 


Figure A-1. A Non-Inverting Schmitt Triggered Buffer 
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DESCRIPTION 


A PLS159 is used to implement a pair of dice. 
Each die is represented by a series of six 
different state transitions. Two push button 
switches are used to "roll'' the dice; in other 
words start/stop the state transitions. Each 
push button controls one die. When the 
switches are held low, the state transitions 
take place for each die and the result is 
displayed when a push button is released. 


Each die is made up of seven LED's which 
are connected to the outputs of the PLS159. 
The system also contains its own oscillator 
which generates the clock cycle necessary 
for the state transitions. 


The random release of the push button pro- 
vides a random output. The high frequency of 
the internal oscillator and the fact that the 
switches are not debounced, add more "ran- 
domness'' to each event. 


The overall system configuration is shown in 
Figure 3. 


LOGIC IMPLEMENTATION 

The configuration of each die is shown in 
Figure 1, with each letter representing an 
LED. 


To represent the numbers one through six the 
LED's are turned on as shown in Figure 2. 


Table 1 is the truth table generated from 
Figure 2. 
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Figure 1. Dice Configuration 
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Figure 2. Number Representation 


The result of Table 1 is the following logic 
equations: 


A = Four + Five + Six; 

B = Four + Five + Six; 

C = Two + Three + Six; 
D = One + Three + Five; 
E = Two + Three + Six; 
F = Four + Five + Six; 

G = Four + Five + Six; 


As can be seen from the above logic equa- 
tions: 


A=B=F=G; 
C=E; 


Table 2 is the result of Table 1 and the above 


common terms. 
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Table 2. Truth Table for PLS159 
Outputs 


For each die, three outputs of the PLS159 are 
needed to implement the logic in Table 2. 
These outputs are connected to the LED's as 
follows: 


FO: A, B, F, G; 
F1: C,. £; 
F2: D; 

Similarly for the second die: 
F3: A', B', F', G'; 
F4: C', E'; 

F5: D'; 
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Figure 3. Dice implementation Using the PLS159 
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STATE TRANSITIONS | 

Figure 4 shows two arbitrary state transition 
sequences which are used to implement each 
die. 


These state transitions are implemented in 
the program table of the PLS159. 


INTERNAL OSCILLATOR 

An internal oscillator is also implemented for 
the system. The internal configuration of the 
oscillator is shown in Figure 5. For a detailed 
explanation of the implementation of this 
oscillator see AN13: Oscillator with the 
PLS159. BO is connected externally to the 
clock input of the PLS159. 
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EXPLANATION OF PROGRAM 
TABLE 


The program table for the two dice is shown 
in Table 3. 


Terms 0-5 and 7-12 represent the state 
transitions for each die. 


Terms 14-15 and 17 — 18 reset the flip-flops 
to HLL and HLH if undefined states occur, 
such as during power up. 


Terms 20 and 21 and output controls terms 
D1 and D2 are used to implement the internal 
oscillator (see AN13). 


Inputs {0 and I1 are connected to the two 
push button switches which roll the dice. 
These inputs are programmed to be Active- 
Low. When the push button is closed the 
state transitions take place, and upon release 
of the push button, the current states are 
displayed on the outputs. 


Figure 4. Arbitrary State Transitions 


Figure 5. Oscillator Configuration 
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The outputs of the PLS159 are inverted and 
this must be taken into consideration when 
assigning "'H" and ''L''s to the FO, F1, F2, F3, 
F4, and F5. These assignments are shown in 
Table 4. All the flip-flops are set to be of the 
J-K type. 


Table 4. H And L Assignment 


AF01730S 
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Table 3. pomen Table for 2 Dice 
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INTRODUCTION 

The 828159 is a field-programmable logic 
sequencer which is self-contained as a logic 
sequencer except for the need of a system 
clock and/or one or more debounced 
switches. Generally, most of the debouncers 
Circuits utilize a cross-coupled NAND/NOR to 
form an RS-latch which takes two input pins. 
To economize the I/O pin consumption, a 
single |1/O pin may be used to debounce a 
single pole double throw switch. This scheme 
is applicable to all Signetics PLD's (Program- 
mable Logic Devices) that have non-regis- 
tered bi-directional |/O's, including 82S153/ 
153A, and 828155. 


DEBOUNCED 
INPUT TO 
OTHER GATES 


DEBOUNCED 
INPUT TO 
OTHER GATES 
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DESCRIPTION 


Figures 1a and 1b are logic diagrams of the 
circuit which utilizes one I/O pin of the 
82S153/153A and 82S159 respectively to 
form a debouncer. The single pole double 
throw switch is connected, at one terminal, to 
Vcc, and, at another terminal, to ground. The 
blade of the switch is connected to BO. BO is 
programmed as an output. The input buffer of 
BO is programmed to drive a p-term which, in 
turn, drives the output BO. The circuit latches 
to whichever state it is in. As an example, 
assuming that the output BO is connected to 
Voc through the switch, and its output is a 
''4'"', When the switch is flipped from Vcc to 
ground, BO is momentarily short circuited to 


ground. After one propagation delay (15- 
30ns), BO is set to ''0"’ and no more current 
will flow from BO. If the switch is flipped back 
to Vcc, BO will be shorted to Vcc for one prop 
delay and will be set to a '''1"' and will stay a 
"1'" until the switch is flipped again. The 
switch may bounce while the blade breaks 
from one terminal and bounce again while it 
makes contact with the other terminal. As 
long as the movement of the blade is smaller 
than the gap which separates the two termi- 
nals, the output will remain stable. 


The circuit is implemented in an 82S159 
using AMAZE as shown in Figures 2 & 3, and 
Table 1. 


DEBOUNCED SIGNAL 
TO OTHER PINS OR CHIPS 


a. Using 82S153/153A 


7C01780S 


DEBOUNCED SIGNAL 
TO OTHER PINS OR CHIPS 


b. Using 82S159 


Figure 1. Single Pin Switch Debouncer Circuit 
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HEHEHE DEBOUNCE 4646565646 5696-4646 -16-16-46 16-96 16 16 06 
HHHHHHHEHHHHHHHHHHHHEHE FP ION LI S T #H#RRRRHHHEHHEHERHHHHSH 


LABEL *#% FNC ; FNC #+# LABEL 
N/C CK . +5V *##VCC 
N/C ##N/C 
N/C B ##N/C 
N/C ##N/C 
N/C ##N/C 
SWITCH *#* INPUT_LATCH 
N/C ##N/C 
N/C *#4#N/C 
N/C *#*#N/C 
GND ##N/C 


Figure 2. Pin List 


HEE REEEEEEEEEHEEHE DEBOUNCE 96-9646-96-9656-5616-26-96-6-96- 196 66 EE 
@DEVICE TYPE 
828159 
@DRAWING 
eeeeHERERERE SINGLE PIN DEBOUNCER 
@GREVISION 
HERE REV — 
@DATE 
HHEERRRREREEE KK IKK IKKKX 
@SYMBOL. 
HHEHHHHHHKEH DEBOUNCE 
. @COMPANY 
HHHHRHHHHHHEH SIGNETICS 
@NAME 
@DESCRIPTION 
This circuit accepts a single pole double pole switch which switches between 
Vee and GROUND. BO is used as'input, but it is defined in AMAZE as output. 
BO may be used to drive the rest of the logic circuit or it may be used 
in conjunction with one of the internal flip flops as registered input to 
handle asynchronous input to a state machine. 
@COMMON PRODUCT TERM 
@COMPLEMENT ARRAY 
@1/0 DIRECTION 
@GOUTPUT POLARITY 
@FLIF FLOP CONTROL 
GOUTPUT ENABLE 
@REGISTER LOAD 
@ASYNCHRONOUS PRESET/RESET 
@FLIP FLOF MODE 
@LOGIC EQUATION 
SWITCH = SWITCH ; 


2 HHH HHH HH HHH HHH HHH HHH EEE EEE HEHEHE MEME 
* BO WITH LATCHED INPUT * 
HHH EEE HEHEHE EEE IEEEHEHEEEEEEEEEEEEEHEEHEHEEEEEREEEE ' 
/INPUT_LATCH : D = SWITCH ; 


Figure 3. Boolean Equation File 
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Table 1. Programming Tabie 
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INTRODUCTION 

This application note presents the design of a 
parity generator using Signetics PLD, 82S153 
or 82S153A, which enables the designers to 
customize their circuits in the form of 'sum- 
of-products''. The PLA architecture and the 
10 bi-directional 1/O's make it possible to 
implement the 9-bit parity generator/checker 
in one chip without any external wiring be- 
tween pins. A logic diagram of the device is 
shown in Appendix A. 


The parity of an 8-bit word is generated by 


counting the number of ''1's'' in the word. If 
the number is odd, the word has odd parity. If 
the number is even, the word has even parity. 
Thus, a parity generator designed for even 
parity, for example, will generate a ''0"' if the 
parity is even, or a "1" if parity is odd. 
Conversely, an odd parity generator will gen- 
erate a ''0"' if the parity of the word is odd, or 
a ''1" if the parity is even. This bit is then 


concatinated to the word making it 9-bits. 
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long. When the word is used elsewhere, its 
parity may be checked for correctness. 


FEATURES 

© Generates even and odd parities 
(SUME and SUMo) 

@ SUMeE=''1"' for even parity, ''0"' for 
odd parity | 

@ SUMo ='"'1"' for odd parity, ''0" for 
even parity 

@ Generate parity or check for parity 
errors 

e Cascaded to expand word length 


DESCRIPTION 


The most straight forward way of implement- 
ing the parity generator/checker is to take the 
9-input truth table (8 inputs for the 8-bit word, 
and 1 input for cascading the previous stage) 
and put it in a 256 <X 4 PROM. Since there 
are 2° combinations and half of them is odd, 


9-125 


the other half is even, the circuit will take 256 
terms. An alternative is to divide the 9-bits 
into 3 groups of 3-bits as shown in Figure 1. If 
the sum of the 3-bits is odd, then the interme- 
diate output SU1, or SU2, or SU3 equals 1. 
Otherwise it equals 0. The intermediate re- 
sults are grouped together and SUMo be- 
comes ''1" if the sum is odd, otherwise 
SUMo equals "0". The circuit is implemented 
using AMAZE as shown in Figure 3. SU1 is an 
intermediate output for inputs Ip, !4 and Io. In 
the same manner, SU2 and SU3 are interme- 
diate outputs for I3, I4, I5 and Ig, I7, Ig. The 
design uses up 16 product terms and 5 
control terms leaving 16 product terms and 4 
bi-directional |/O's to implement other logic 
designs. 


The design is tested by using the logic 
simulator provided by AMAZE. The input test 
vector is chosen to exhaustively test for all 8 
input combinations at all 4 sections of the 
circuit. 


|,o| 
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Figure 1. Block Diagram of 9-Bit Parity Generator/Checker 


HREKHEHEKHEEEHEHEREREEE PARGEN 4 EEE EHH RHEE 
HHHHHHHREHRHHRHHHRHHEH PF OT ON Li I S T #RHHHFHRHRHHRREHHR HES 


LABEL *#% FNC *##FIN -------——— FIN®* FNC #* LABEL 
Io *x% [ e*% 1} i—-20 *#* +5V *#*#VCC 
Ti ee T He 2-j im19 *#*% /O **#SUME 
12 *% T *e St i~-18 *#* Q **SUMO 
I3 ¥e* iT xe 4m} 8 i~1l7 #«#* E *#*N/C 
14 #e [ **% = S-1 2 i~16& **%* & *e*N/C 
Is **% T *e% 6-| S i-1S ** B *##N/C 
Ié ee I *#*% = 7-} 1 i-14 ** B *##N/C 
17 xe | ** 8-1 rer) i-13 *#* O *#*xSU3 
18 ** I #*% Q—} 3 i-12 ** O ##SUS 
GND *#*% OV #*% 10-1 i~L] ¥* O *##SU1 
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Figure 2. Pin List 
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HECKER EERE PARGEN 369696169696 9696 169696961696 10 1 EE 
@DEVICE TYPE 
828153 
@DRAWING 
HEHEHE EEE EEE EEE EEEERHEEEEN PARITY GENERATOR/CHECKER 
GREVISION 
WHERE EEE HEGRE REREEERHENEH REY, — 
@DATE 
HEHEHE EEE HEE EEE KKSKKIKKKX 
@SYMBOL. 


© PEM EEE HEE HE IE HE EEE EE EE eee FILE ID: PARGEN 


@COMPANY . 

KEENE EEE HEHEHE KEEE EHH SIGNETICS 

@NAME 

@DESCRIPTION 

FETE TE TE TE TE TEE HEHE TE ETE TE TE TEE TEE HEHE TE HE HEHE HEHE HEHE ETE TE TE TE TE TE TE TE HE TE TE TE TE TEI TE TE TE HEHEHE ETE TE TET TE TE TE TE TEE TE TE HE HEHEHE TE 
This circuit is a 9-bit parity generator/checker commonly used * 
for error detection in high speed data transmission/retrieval. +* 
The odd parity output (SUMO) is high when the sum of the data * 
bits is odd. Otherwise it is low. * 
The even parity output (SUME) is high when the sum of the data * 
bits is even. It is low otherwise. * 
HHH HEHEHE EEE EEE EE EEE ERE EE EEE EEE EEE EEE EEE IEEE IEEE 
@COMMON PRODUCT TERM 

@1/0 DIRECTION 


Ke Ek K 


HERE HEHEHE EEE REE EEE IER HEHEHE HEHEHE EERE EKER EEE EEE EH ERE EHH EN EEE EEE RR EN 
* SUL, SU2 and SUS are outputs which are defined in the PIN LIST «* 
* and therefore they don’t need to be defined here again. * 
HEEL HEHEHE EEE HEHE EH HEHEHE EHH HEE EHH EEE EE EE EEE EEE HEHEHE EEE HEHEHE EERE 


GOUTPUT POLARITY 


HHH HH EE EEE HEHEHE EEE HEHEHE EHH HK EHH EH HEHEHE EEE HEHE HEE EE EEE NEHER EERE HEHE 
* The output polarities of different outputs are defined in the * 
* FIN LIST. They don’t have to be defined again here. * 
HERE R HHH R EE MEEHEHHER HEE EEHEEEHEEEEEB EH 


GLOGIC EQUATION 


HHH HHH HEHE ERNE EKER ENKEI EHH EE EK HEH H RE RE KEKE HEHEHE ERE HEHEHE RHE 

* SU1L, SU2, and SUZ are intermediate terms * 

HHH EHR EH HEHEHE HEHEHE HEHE EK EERIE ERIE KE HEHEHE EHH HHH HHH HH HEHEHE EE 
TRUTH TABLE 


INPUTS OUTFUTS 
SUS su2 SUL SUMO SUME = /SUMO 
1g 17 Ié SU3 
Is 14 I3 SU2 
I2 Il TO Sul 
oO O Oo @) 1 
8) fs) 1 1 Q 
(8) 1 QO i QO 
oO 1 1 0 1 
1 QO oO 1 ) 
‘1 Q 1 Q 1 
1 1 8) QO 1 
1 1 1 1 a) 
Sul = /I2 * /I1 * IO + /I2% TL * SIO + 
I2 * /f1 * /10 + I2 8% Yi" II0 3; 
SUu2 = /I15 * /14 * I35 + /I5 * 4 * /SI3 + 
IS * /I4 * /13 + I5 *© 14 *® 13 ¢ 


SUS = /18 * /17 * 16 + /18 * I7 * /16 + 
ie * /17 * /16 + I8 © 17 * 16 3 


sumo = /SU1 * /SU2 * SUS + /SUL * SuU2 * /SuU3 
| SUL * /SU2 * /SU3 + SUL * SuU2 * Sus 


+ 


SUME = /(/SU1 * /SU2-* SUS + /SU1 * SU2 * /SUS + 
SUL * /SU2 * /SU3 + SUL * SU2 * SUS) ; 


TBOOS80S 


Figure 3. AMAZE Implementation of the Parity Generator/Checker Circuit 
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Table 1. Programming Table 


EKER HEEEHEEEHERERE FARGEN 256-5965 66H EE ERE 
Cust/Proaject - , 


Date —— KKK EERE EERE EERE REEREER KK IKK / KREME 
Rev/I. D. SH RK ERE EEREKRKEEREKEEREEREEEN REV, — 

828153 ' POLARITY ' 
2 ee 'LsHsHeHsHs Hs Hs Hs Hs: H! 
E 10 sees eonrs sans ‘xins Sst svi’ coms ata iain mc si i eins Ci sap sii ‘ei itn Gn ‘sb’ db c's te CAD SR SO SEEN ONS SOE SO SOND UONAD SONS SERED SR SOEUE SONS? QSLLS GIN GONAP MNRID BD Stud GUDUS esOte aramD wis 40 
RK! I : Bi) ' Bo) ‘ 
PN em ee ee ee a ne en ee 
a! 7_6_5_4 3_2_1_0!9_8.7_6. 5.4 3.2.1.0'9 8.7.6 5.4 3.2.1.0! 
Ole mm mse LL Hie eye em mm nm mH mle et AAA Ae «2 BA! 
tie - = -,- DH LIK mye em eH Hye eH KH Hl. CLA AA Ase « A A! 
Bim -— ~ => HL Lig -y- - me mye eH mt. CAA AA,. . AA! 
Sie om =~ =a HH H!- -,- - - mye em KH mle CGA AA BR, . AA! 
Aimy m— Li LgH mm mle mye mw me Me Mm Ke Kt, LGA AAA, A. A! 
Sie = LD Hyk - -— -l- mye me em mye mH mt. CGA AAA, A. A! 
Bt — HL - em ete Mwy eke em He em eK HI CGA AA A, A. A! 
7i~- - HH,H - — -t=- -,- ~~ -,- - — -!. we AAA A, A. A! 
SIL Hm mye em ttle mye em mn Mm KH LI. A GAA A ALA... A! 
SIH bm mye me te mye mm eM eK KH LI, CGA AA AGA. | A! 
LOM Lm ym me le me ee He H!. »,A AA ASA. « A! 
VLSEH Hom mye ee te myer Ke Mm Mn eK aR. “os3QA RA ASA]. A! 
Latm mm yee le me eH KH mM HLL KIA ASA AA A, .. A! 
ISie em mye te ele ee eH eK Hb HL tA AA A AA,. . . A! 
LQ mm me mm mm em mt LH KIA ALAA A A,. . « A! 
IS!- - = "7-7 tw =~ - — -~,H HH -'A A,A AA Aye « « A! 
1610 990,990 0'00,0000,0 00 O'A ASA AA A,A AA A! 
17!0 900,900 0!0 0,0 000,0 0 0 OIA ALA AA A,A AA A! 
1819 000,999 0!00,0000,00 06 O'A AA AA A,A AA A! 
1910 990,000 010 0,9990,0 600 OIA AA AA AA AA A! 
2910 990,900 0!0 0,09 000,0 00 O'A AA AA ALA BAA A! 
21190 09090,9 90 0!100,0000,9 00 O'A AA AA AA AA A! 
2219 000,900 010 0,909 90,0 0 0 DIA ALA AA A,A AA A! 
23190 900,900 0!0 0,00006,00 0 O18 AA AA A,A AA A! 
2410 900,9000!0 0,0 00 0,0 0 0 O'A ASA AA A,A AA A! 
25!9 090,000 010 0,0 000,000 0'f A,A AA A,A AA A! 
2610 90900,9 00 010 0,9 000,000 O'A AA AA ALA AA A! 
2710 990,900 0190 0,09 00,0 0 0 O'A ASA AA ALA A A A! 
2810 000,900 0!0 0,0000,0 00 O'R ALA AA ALA AA A! 
2910 0900,0 0900 0190 0,0 000,09 OO DIA AA AA AA AA A! 
3019 990,90 00 0!0 0,0 000,000 OIA AA AA A,A AA A! 
3110 0900,9 00 0!10 0,000 0,0 OO OIA AA AA A,A AA A! 
DIP mm gt ie me Rm eye ee . 
DBt— -— me Ker em wm elem mgt em Hye mK! : 
D710 000,900 6010 0,0000,0 000! ‘ 
D6'9 090,909 900 0!10 0,0 000,09 00 ©! . 
DS!0 900,009 010 0,90000,0 00 a! " 
D419 900,090 000!0 0,00 00,000 08 . 
DS tm mm my ee me me ee ee Ke é 
D2te mm mye me eee me eRe ee ! 
Ditm em mye em te mm eK Hye KK! ‘ 
DO'0 0 0 0,9 0 0 010 90,090 00,0 0 0 0! ‘ 
ITIrr~TiIjiljTigsSNNNNSSSISSNNNNSSSIt 
765 43 22 0OuUuUs///7UNUBUUSTr ssf UuUuUUSB 

MMCCCCS3Zi1 MMCCCC 321 

E O EO 
TBO0610S 
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HIE HE LTE HEHEHE ETE EE TE TE TE ETE TE TE FETE TE ETE TE HEHE TE TE TEE EIT HEHEHE ETE TEE SEETHER TEE EE 
* This is a test pattern for the 9—bit parity generatar/checker * 
a circuit. The simulator will use this file as an input ta * 
+ simulate the logical function. * 
Ee A TE eT AE DE EA TE HE HE SE TE SE HE SE SE IE SE SE Se I TE DE EE SE SE SE SE IE IE HE TE TE BE HIE IEE IE TE IE FE SE FE IE HE JE TE JE IE FE FE FE FEE FE SE FE EE FEE HE 2 


"TIIIIIII 
"76543212 
LLELLELE 
HLHHLHL I 
LHALLHHL 
HHLHL LAL 
LULHLHHLH 
HLLHHLLH 
LHLLHLHH 
HHHHHHHH 
QUIT 


825153 A 


circuit. 


INFUTS 
76543210 


00000000 
10110100 
01100110 
11010010 
00101101 
10011001 
01001011 
11111111 


ss 

UU Sss 

MMBBBBUUUT 
E076542218 
SIIATASATL 
a 
SIITSSISSEA 
SISTA SL 
SITS ISTH 
SAIS 
SIIIAASASE 
SIITSSIST/A 


spargen.STD 


<=B(I/0) => 
9876543210 


HL... -LLLO 
LH. ...LLHI1 
LH...-LHLI 
HL... LHHO 
LH...-HLLI 
HL... .HLHO 
HL... ..HHLO 
LH... HHH 


ae ge ‘88 -o6 ‘38 ag ‘a8 


ae 


. 


EXPECTED 
OUTPUTS 
BBBEBE 
98321 
“HLLLL 
“LHLLH 
“LHLAL 
“HLLHH 
“LHHLL 
“HLHLH 
"HLHHL 
“LHHHH 


a. Input Pattern PARGEN.TST 


TRACE TERMS 


This file is the result of logic simulation of the parity generator/checker 
The inputs are read from input file PARGEN. TST 


I/O CONTROL LINES 
DESIGNATED 1/0 USAGE 
ACTUAL I/0 USAGE 


OOITIrIad0o! 
OOTIITOOO! 


PIN LIST... 
08 07 06 OS 04 03 02 01 19 18 17 16 15 14 13 12 11 09 ; 


b. Output File From SIMULATOR 


Figure 4. Test Vectors 
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APPENDIX A 
a——__________—_- (LOGIC TERMS—P) —________—_——-88 @-————- (CONTROL TERMS) -———_—-B 


Sa 

eC Tf 
EEE co 
CTT 
CETTE 
HR 


NOTES: 
1. All programmed "AND" gate locations are pulled to logic "1". 
2. All programmed "OR" gate locations are pulled to logic "0". 


3. Programmable connection. 
Figure A-1. FPLA Logic Diagram 
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bd 
$s 
P 
g 
8 


a. Basic Gates Configuration 


bE a eee TK LS 2) $606 ete ieee re ee 
SUeCeveeveesuceeuueer P IN L I § FT seeeeeseeeuseetceuseees 


b. Pin List 
Figure 1 
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SHUCEEECEEEEESEEEEEE TKISI-1 atria 
@DEVICE TYPE . 
SUCCES B2S151 
@DRAWING 
HUHECHHTEHEE FIGURE 1. BASIC GATE CONFIGURATIONS 
@REVISION 
SHEER GEEHE TKIS1-1 REV. O 
@DATE 
eeeHHHEEEBEE JULY 10, 1985 
eSYMBOL. 

HERBHUVUBEEEH TKIS1—1 
@COMPANY 

HERE SIGNETICS 
@GNAME 

HUERHHEEEKEH DAVID K. WONG 
@DESCRIPTION 

This file contains the 6 basic logic gates: AND, NAND, OR, NOR, XOR and EQU. 
@COMMON PRODUCT TERM 

@1/0 DIRECTION 

@OUTPUT POLARITY 

@1/0 STEERING 

@LOGIC EQUATION 

A_AND_B = 


ddo 


aA * /B 

JA* Bs 

/(/(A_N_B-) * /(A~_N_B)) 5 " Equivalent to (A * /B) + (/A #* B) 
/(A_N_B~-) # /(A-_N_B) 3 Equivalent to (/A # /B) + (@ # B) * 


DPD PLE 
Zit 


TBO0630S 


c. Boolean Equations of Basic Gate Configurations 
Figure 1 (Continued) 


Table 1. Program Table of Basic Gate Configurations 


SHE TKS 1-1 teehee ieaesreeariiriittie 
Cust/Project — ##teeteeeseee DAVID K. WONG 

Date — #tieveeeeeee JULY 10, 1985 

Rev/I. D. ~~ ##eeereetete TKI51-1 REV. 0 


ee ree eye ae 20 cee eae ee ee ce cae oF SU SER Rete eter SRD OR CEN TEND SES MS SRN 


g2S151 DIR ‘AsAsAsAsAsAsAsAsAsAcAsA! 


"Ts POL “'HeLeLeHsLsHsLsHrHsHalsl! 


t i 
H ! 
! ' 
t ( 
sutvue 
i i] 
j t 
! t 
j ‘ 
ome . ome 


OZPZi 


mi 
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a. Basic Latches Configuration 


Ee TKS 1 MZ ee EE 
seueruenereueqeeeeedst P I ON LIS T S6eReeeeeeeeeeeedeees 


*% FNC ##PIN -—-------—- PINW* FNC 2 LABEL 
+e ) {-20 +5V ##VCC 

ee t-19 0 *#Qi 

tee '~18 0 ~*HQ1~ 

+e {-17 *#Q2 

co t-16 *#Q2-— 

+e #403 

+ +#D N_LE 
+4 +#Q3_N_LE- 
+ ##N/C 

0% ##N/C 


b. Pin List 
Figure 2 
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Sa TKIS1—-2 siete 
@DEVICE TYPE 
828151 


@DRAWING 

HUME FIGURE 2. BASIC LATCHES CONFIGURATION 
@REVISION 

HUSH HNEEHE TKI5S1-2 REV. O 

@DATE 

RHEE JULY 10, 1985 

@SVMBOLU. 

HEC TKIS1-2 

@COMPANY 

HUHBHEHBEHEH SIGNETICS 

QNAME 

SHEPHERD DAVID K. WONG 

@DESCRIPTION 

This files contains basic configurations of two RS-latches and a D-latch. 
@COMMON PRODUCT TERM 

@I/0 DIRECTION 

@OUTPUT POLARITY 

@I/0 STEERING 

@LOGIC EQUATION 


8 be OE BE Me HE He BE 00 0 OE 2 2 a 0 
# CROSS-COUPLED NAND RS-LATCH * 
GEE EEE EERE 

@i- = /( /RI- # QL) 3 

@1 = /( /S1i- * Q1- ) 3 


0 Me ME IE IE Be aE OE TE HE IE SE OE OE SE Oe a a a 


* CROSS-COUPLED NOR RS-LATCH bed 
MAE HEE FE BO HE A HE A A a a a EH 


a2- = RR2 * Q2 ; 
a2 = SS2 * Q2- ; 


ME EE EE EE 
* D-LATCH * 
FEM EE EE EEE EEE 
D_N_LE = DIN # LE- 3 
Q3_N_LE- = Q3 # /LE- ; 
as = /¢ /0D_N_LE) # /(Q@3_N_LE-) ) 3 


c. Boolean Equations of Basic Latches Configuration 
Figure 2 (Continued) 


Table 2. Program Table of Basic Latches — 


SHEER TKI 1-2 sete ieee eee 
Cust /Project -— ##etesneeeee DAVID K. WONG 

~ eteeeeneeeen JULY 10, 1985 

— SEHEHHEHHEH TK1L51-2 REV. O 


November 1986 9-194 


Signetics Application Specific Products Application Note 


PLS154 Toolkit AN22 


a. 4-Bit D-Latch 


lh alia liataaahaliatelhtaheietethee St) Ge Me te 
HeeneRHHHHEHEeEREEHHE P ION LIS T sheeeedeveueesuenuede 


LABEL. +# FNC ##PIN -—-------— PING FNC i+ LABEL 
DINO we J + -20 2 +5V #eVCC 
DINi we ee 3-19 we ##Q0 
DIN2 +e I +e -*HQ1 
DINS we T +e *##Q2 
LE- «# +e ##Q3 
N/C +e 1 +t ##FBO 
N/C #* /B 4% *4FB1 
N/C +e /B ‘et +HuF B2 
N/C *# /B +e *+4UF BS 
GND + OV +H *##N/C 


NBEDmO WWD wm 


b. Pin List 
Figure 3 
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CHEESE EREEEHEESE TKISL—S eteeeeeireaeeeeeee 
@DEVICE TYPE 
8251351 
@DRAWING 
eeteeeeeeeee FIGURE 3. 4 BIT D-LATCH 
@REVISION , 
Hee TKIS1-3S REV. O 
@DATE 
eeeeeEEEEEEE JULY 10, 1985 
@SYMBOL. 
HHH TKI51-3 
@COMPANY 
AURBEREHEHEE SIGNETICS 
QNAME 
HERE DAVID K. WONG 
@DESCRIPTION 
This file contains a 4-bit D-latch. External jumper is required for each latch 
between Qn and FBn. When LE- is HIGH, outputs QO, @1, QZ, and Q3 are active and 
outputs FBO, FB1, FB2, and FBS are tri-stated. Qn, therefore, equals Dn when 
LE- is HIGH. When LE- becomes LOW, @ outputs are tri-stated, and FB outputs are 
active. Since FB outputs feedback to their own inputs, they are latched to 
whatever level the @ outputs were in when LE- goes from HIGH to LOW. 
@COMMON PRODUCT TERM 
@1/0 DIRECTION 
DO = /( /LE- ) 
D1 = /( LE- ) 
@OUTPUT POLARITY 
@1/0 STEERING 
@LOGIC 
‘20 = 
Qi 
Q2 
Q3 
FBO 
FBi 
FB2 
FBS 


c. Boolean Equations of 4-Bit D-Latch 
Figure 3 (Continued) 


Table 3. Program Table of 4-Bit D-Latch 


SEAR ELNEEEEENHEEEE TKISI-“S eee 
Cust /Project ~ ##tteeeeeHee DAVID K. WONG 

Date — +H#eneetHeHEH JULY 10, 1985 

Rev/I. D. — HHEHHHEHEHEH TKIS1-3 REV. 


AsAzsAsAsAsrAsAsAsAzAzsAsA! 
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Switch Debouncer 


iN2-. 


Pulse Shaper 


a. Single Pin Switch Debouncer and Pulse Shaper 


SEMESHENEHEE EEE TKIS1~-4 Jee ee 
HOHHHEHHRHEHHEHEEEGHRE P I ON L. I S T Seeeeeeeeeeeeenenenen 


LABEL +% FNC ##PIN Beat LABEL 
IN2 r ee 1-3 *e VCC 
N/C +H 2-3 +e INI 
N/C we 63-3 +e INZ— 
N/C *#eQOUTZ 
N/C *4eN/C 
N/C *en/C 
N/C +#N/C 
N/C #4#N/C 
N/C H *#4Nn/C 
GND #3#N/C 


b. Pin List 
Figure 4 
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HEE TKIS1—4 sabi ee ree 
@DEVICE TYPE 
8625151 
@DRAWING 
eee Heee PLSIS1 TOOLKIT FIGURE 4 
@REVISION 
eee tk1Si-4 REV. O 
@QDATE 
HUHREHHEEEHE JULY 10, 1985 
@SYMBOL. 
HHP EEEE TK151—-4 
@COMPANY 
eee SIGNETICS 
@QNAME 
HEUBHEBEBEEH DAVID K. WONG 
@DESCRIPTION 
This file contains a single pin debouncer and a pulse shaper. 
@COMMON PRODUCT TERN 
@1/0 DIRECTION 
QOUTPUT POLARITY 
@1I1/0 STEERING 
@.0G61C EQUATION 
Nee eter errr eet ts 
# DEBOUNCER ~-- This circuit uses one bidirectional pin to de- 
bounce a single pole double throw switch. When 
the switch is thrown to its opposit polarity, 
it shorts the output to Vee or graund. One pro- 
pagation delay later, the output is switched to 
the same polarity as the switch. 
EE EE EE HE EE EH HE HE HE EE EEE HE HE 2 HE EE AE Ee A 0 a a 
IN1 = INI 3 


Ee eee ttre r ttt tte tet ete ty 
#* PULSE SHAPER -- This circuit creates a LOW-to-HGH glitch * 
* which has the pulse width of one prop delay. * 
* Wider pulse width may be generated with add- * 
* itional feedback loops. * 
TT TTT TTT Te TTT TT TT TTT TTT TTT TT TTT eT TT TT TT TTT TTT Terre TT Terr rrr Tan 

IN2- = /¢ IN2 ? 3; 

OuT2 = IN2- # IN2 ; 


c. Boolean Equations of Single Pin and Pulse Shaper 
Figure 4 (Continued) 


Table 4. Program Table of Single Pin Debouncer and Shaper 


Mab ee eee TK 151-4 360bee sete ee 00 ee ee 
Cust /Project — s#teteeteeee DAVID K. WONG 

Date ~ #00 EEEEHE JULY 10, 1985 

Rev/I. D.. — SCEFEEHEREE €kK151-4 REV. O 


om 


« 
« 
C 


oof e 9909009 
oo00000080 


@ 
2 
s 


e 
e 
@ 


<¢ 
@ 
*e 


0,9 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 


oooS0909009 
eoo0g000000 


zreocooocooo3d 
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INTRODUCTION 

THE PLS168/168A is a bipolar Field-Pro- 
grammable Logic Sequencer as shown in 
Figure 1, which consists of 12 inputs, a 48 
product term PLA and 14 R/S flip-flops. Out 
of the 14 flip-flops, six are buried State 
Registers (P4-—Pg9), four Output Registers 
(Fo-F3), and four Dual-purpose Registers 
(Po - P3), which may be used as Output or 
State Registers. All flip-flops are positive 
edge-triggered. They are preset to ''1"’ at 
power-up, or may be asynchronously set to 
"1" by an optional PR/OE pin, which may be 
programmed either as a preset pin or as an 
Output Enable pin. Additional features in- 
cludes the Complement Array and diagnos- 
tics features. 


ARCHITECTURE 

As shown in Figure 2, the device is organized 
as a decoding AND-OR network which drives 
a set of registers some of which, in turn, 
feedbacks to the AND/OR decoder while the 
rest serve as outputs. Outputs Pp to Pg may 
be programmed to feedback to the AND/OR 
decoder as State Registers and, at the same 
time, used as outputs. The user now can 
design a 10-bit state machine without exter- 
nal wiring. The AND/OR array is the classical 
PLA structure in which the outputs of all the 
AND gates can be programmed to drive all 
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the OR gates. The schematic diagram of the 
AND-OR array is shown in Figure 3. This 
structure provides the user a very structured 
design methodology which can be automated 
by CAD tools, such as Signetics AMAZE 
software package. The output of the PLA is in 
the form of sum-of-products which, together 
with the RS flip-flops, is the ideal structure for 
implementation of state machines. (Refer to 
Appendix A for a brief description of synchro- 
nous finite state machines.) 


Design Tools 

A direct approach to implement a design 
using the PLS168/168A is the H/L table 
supplied in the data sheet as shown in Table 
1. The table is organized according to input 
and output of the PLA decoding network. The 
lefthand side of the table represent the inputs 
to the AND-array, which includes input from 
input pins and present state information from 
the feedback buffers which feedback the 
contents of the State Register. The righthand 
side of the table represents the output of the 
OR-array, which drives the State and Output 
Registers as the next state and output. Each 
column in the lefthand side of the table 
represents an input buffer, which may be 
inverting, non-inverting, disconnected or un- 
programmed. Each column in the righthand 
side of the table represents a pair of outputs 
to the flip-flops, which may be set, reset, 
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disconnected, or unprogrammed. The pro- 
gramming symbols are H, L, -, and 0. (See 
Figure 4 for details.) For inputs buffers, ''H'"' 
means that the non-inverting buffer is con- 
nected, ''L"’ means that the inverting buffer is 
connected, ''-'' means that both inverting 
and non-inverting buffers are disconnected, 
and "'0"' means that both inverting and non- 
inverting buffers are connected which causes 
that particular AND-term to be unconditionally 
Low. On the output side of the table, ''H" 
means that the particular AND-term is con- 
nected to the OR-term on the "'S" input of the 
particular flip-flop, ""L'' means that the AND- 
term is connected to the ''R' side, "'-" 
means that the AND-term is not connected to 
the flip-flop at all, and ''0"" means that the 
AND-term is connected to both the ''S'"' and 
"R" sides. More details of the symbols and 
their meanings are shown in Appendix B. 
Each row in the table represents an AND- 
term. There are 48 AND-terms in the device. 
Therefore, there are 48 rows in the table. An 
example of implementing a transition from 
one state to another is shown in Figure 4a. 
The state diagram can be implemented by the 
PLS168 as shown in Figure 4b. The state 
diagram is translated into H/L format as 
shown in Figure 4c. The first column on the 
lefthand side of the table is for the Comple- 
ment Array which will be discussed in detail in 
the next section. 
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(LOGIC TERMS —1) ————_—___—__________- 


Josceenesmscecnas wesucces musuceeemsndedeamdaeaaas 
PEE EEE EEE EE EEE EEE OPTION 


rrr re. 


& 

5 

a 

a 

—————— TT — ee Ps 
fh ht tt tap petted ttt tt py tet EE 
seneeenen —— a ————— oe P 
EEE 
eee 

SE SEH ietiiite ptt ttt ttt tt ttt ttt 

a Ji0c0mCeGRSGEMAuneene 


crrrsr 


Py 
Py 
Psy 
Pp, obead pnesens Ueneeesneae tent eeoazCeees ce 
P, 
Ps 
P, 
re} 
Cc 


S88 See ee Seas — 


a aeearnan er | 
CEE 


HH HEE AIEEE ALL EREEEUATLL Dp pe Alli 


PE eee eS 
EEE Haat 


In IE RI ea 
EEEEEE- Po EE EEE EEC og 
Ht ie 


CHEESE eree ral vm 
AHRPRREPHERI CHER Hihtchetisiaa —t 


THEROLEMBRGRGSM Sse oy eve 
HAAHLEGMEALESAEMALECAPSTCGEE UGS TCO MOAT UOT 18 ! 
Samaae HRM ReHEeeae— 2 3) PoP 
PECEEEE HEPES EoTETeee 
PELE LTTE 4 Ceiba ep oes TS eS lo aa] Fy/P, 
CCE Ure eee Hee 
TC 0 fal ee 
CEPR EE EET ee 
PTT TT Lol eal rs] 
PTET PEE eet 3 
AAAHAAAMOAAAAIUAEAGOAAMOOEOOGRMIRGOOOETMORRIOOIDGS UND Oe 
Lin p 
a7 eoceceeneeeeeeeeeeeeoeeeeeeeeneceee eoecoseececececee Cooccarveveeecoen 0 KE s 
TBOCES1S 


NOTES: 
1. All programmed "AND" gate locations are pulled to logic "1". 
2. All programmed "OR" gate locations are pulled to logic "0". 


3. Programmable connection. 
a on Figure 1. Logic Diagram of PLS168/168A 
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Table 1. PLS168/168A Programming Table 


CUSTOMER NAME 
PURCHASE ORDER# Csi‘ ‘(éit 

SIGNETICS DEVICE # ee OR ee 
CUSTOMER SYMBOLIZED PART# ____ ss —“‘“‘ le 
TOTAL NUMBER OF PARTS © 

PROGRAM TABLE # 
REV 


OPTION (P/E) , | 


a PRESENT STATE (Ps) REMARKS 

(Px) 
ABoo BOBO BBR GEO 80 O00 ee OOO eee oeeeo 
ce SSSR Oe ee RES 
EE SRR RRR PER ee BERR eee 
at Baan 


zwvum~ 


as 
N 


a 
& 
a 
a 
am 
z 
z 
bd 
& 
& 
SERRE EERE BRR Re BERR eee 
BREE REESE REE eee SRE eee 
BER RERRREREE ORR ee Pees eee 
BER SERRE RRR ee Pees eee 
SRRRERRERREE RR ee CR 
ESSRSRRESREE EROS eee CARRERE EEE 
BERRGRERSEREE SERRE ee PRR ee 
SERRE EEREE BEER eee PEs eee 
Bae S228 12? ee FARA ee 
BERR ARERRERER ERE REE eee AERA ERE 
BERR REESE RRR ee BERR 
SRRRERR EERE RRR eee eee ne eee 
BRR aR AAR ees SAREE REP Bee 
BERRERREEREE BRR ee Pees eee 
BER RERREEREE REE ee PER eee eee 
BERRA RREEREE RRR ee Bees eee 
BERRERREERES REESE ee Pee eee 
ARRAS REAR RE PERERA 
SERRERREEREE BRERA ee BER eee 
SERRRER REE BEER ee PRs ee 
SERRE REEREE PRR ee PRR eee 
EERE EREEAEE RRAREE REE ES ERR eee 
SRRRERERRERES BRR ee Bee eee 
SERRE RREEREE PRR ee Pees eee 
ttt ie PRE RELOES ee PARAS Ree 
aa BSSSE8 RERERESEEE i aae ttt tt H4+4— 
ae He SRR eee eee TH fnna 


VARIABLE 
| NAME 
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10 REGISTER 
FEEDBACK 


|_| Po-Ps 


LD02650S 


Figure 2. The Architecture of PLS168/168A 
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Voc Vec 


TO OTHER 
AND-GATES 


TO INPUTS OF 
FLIP-FLOPS 


TCO2680S 


Figure 3. Schematic Diagram of AND-OR Array 
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LS05040S 


a. State Diagram b. implementation of State Diagram (a) With PLS168 


| ~ OPTION (PR/O me 


INPUT PRESENT STATE 


pC INPUT | NEXT STATE /—— ouTPUT | 
A GERRRAnaAEG rena ale rleleleslelslolalelito 


EB ooo Bed Gt Ee Se lt Oc WE ct dd Ee dO Wc ed 
| AAHGAAAAAAAR pepe eee ee NICH AAR 


FEARABHABABA 
-~ 
> 
© 


TB02010S 


c. PLS168 Programming Table 
Figure 4. Implementing State Machine With PLS168 
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Figure 5. Logic Diagram of Complement Array 


Complement Array 

An additional feature is the Complement Ar- 
ray, which is often used to provide escape 
vectors in case the state machines get into 
undefined states during power-up or a timing 
violation due to asynchronous inputs. A logic 
diagram of the Complement Array is shown in 
Figure 5. The output of the Complement Array 
is normally Low when one or more AND- 
terms are High. If all of the AND-terms are 
Low, then the output of the Complement 
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Array will be High. In this example, if each 
AND-term is a decoder for a particular state 
and input combination, and if the circuit gets 
into an undefined state, none of the AND- 
terms will be High. Therefore, the output /C 
will be High, which will then enable the AND- 
term S which in turn may be used to reset all 
registers to Low or High as predefined. The 
state machine thus escapes from being in an 
undefined state by using the Complement 
Array and one AND-term. Without the Com- 
plement Array an alternate way of escaping 
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from being in an undefined state is by defining 
all possible states which are not being de- 
fined. This method may require quite a few 
AND-terms depending on the design. Another 
application for the Complement Array is illus- 
trated by the following example. As shown in 
Figure 6, when the machine is in state 23, if 
input vector equals 1001, it will go to next 
state 24. If the input is 1101, then go to state 
25. But if the input is neither 1001 nor 1101, 
then go to state 03. It takes only two terms to 
implement the first two transition vectors. To 
implement the third vector ''go to state 03 if 
input is neither 1001 nor 1101", the Comple- 
ment Array accepts the outputs of the first 
two AND-terms as inputs. If the input vector is 
neither 1001 nor 1101, then both terms will 
be Low, which causes the output of the 
Complement Array (/C) to be High. A third 
AND-term is used to AND state 24 and /C 
together to set the registers to state 03. The 
State Diagram is translated into AMAZE syn- 
tex as shown in Figure 6b, where all vectors 
are in square brackets and the Complement 
Array is represented by the ELSE statement. 
The State diagram Figure 6a can also be 
expressed in the format of a program table as 
shown in Figure 6c. The complement array 
may be used to exit from different present 
states to different next states. It can be used 
many times in one state machine design as 
shown in Figures 7a, b, and c where the state 
diagram is implemented using the AMAZE 
state equation syntex and the H/L format. 
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NOTE: 1001°7101 = 1001 + 1101 
AFO2241S 


a. State Diagram 


WHILE [23] 
IF (1001) THEN [24] WITH 


QuT 
IF [1101] THEN [25] WITH 
ELSE: [03] WITH [OUT9] 


b. AMAZE State Equation Syntex 


OPTION (PR/OE} z= 
ee «|, ee 
PRESENT STATE | _NEXTSTATE ‘“——————y_ OUTPUT | 


lord 4H wie [Hi— SRESGHS HN OCSee, nase 
02| at pratt ey eet {ela 


c. H/L Format 
Figure 6. Application of Complement Array 
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a. State Diagram 


WHILE (00) 
IF [0000] THEN [01] WITH (OUTO) 
IF [0001] THEN (02) WITH (OUT1] 
ELSE: (3F] WITH [OUTS] 

WHILE [01) 
IF [0010] THEN [03] WITH (OUT2] 
IF [0011] THEN [04] WITH [OUT3) 
ELSE: (2F] WITH [OUT6) 

WHILE (02) 
IF [0100] THEN [05] WITH [OUT4] 
IF (0101) THEN (06) WITH [OUTS) 
ELSE: (2F] WITH [OUT7] 


b. AMAZE State Equation 


aa: Dane 
[| ___ PRESENTSTATE sf, = NEXTSTATE “4 OUTPUT | 


I STREaAASHTTT TRAAARAATR lecrleleleslalslofole slelsle slelslobelelsto 


oof Ale |e tele :~|—|—|-i—|—|~|—Fe fete fete te -|-[—| Be [ek de fe fa [ || 
orp Ac] e |e} a i—|—|~|—:-|-|-|-Fe fe ele fede || -| Be fe ee fale ||| fe [ele tH 
a ES Fes Ss es as Eee RRAnRSS eS HWM Mala -|-|-|-Ta ella 

an ine at SESSa Rees ae Meee Ee 


OPTION (PR/O a 


ry 
. 
. 
. 
. 
. 
. 
. 
. 
. 
° 
e 
. 


c. PLS168 Programming Table 
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Figure 7. Applications of Complement Array 


November 1986 Oo 9-447 


Signetics Application Specific Products Application Note 


PLS168/168A Primer | a | AN23_ 


Figure 9. Difference in Propagation 
Delay Due to Different 
P-Term Loading 


0 
6 8 12 6 20 24 28 32 36 40 44 48 
NUMBER OF TERMS NUMBER OF TERMS 
oporsioS 


a. PLS168 Setup Time b. PLS168 Setup Time 
vs P-Term Loading vs P-Term Loading 
Figure 8 


OUTPUT / \ | BERR 
ao | . UTPUT UNDETERMINED 


) 
DUE TO METASTABLE CONDITION 
OF FLIP-FLOP 


WF07180S 


Figure 10. Change of tcxo Due to Metastable Condition of Flip-Flop 
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Optional Preset/Output Enable 
The PR/OE pin provides the user with the 
option of either using that pin to control the 
Tri-state output buffers of the Output Regis- 
ters, or have that pin to asynchronously 
preset all registers to High. The purpose of 
the preset function is to provide the system a 
way to set the PLS168 to a known state, all 
Highs. The output enable function are some- 
times used where the state machine is con- 
nected to a bus which is shared by other 
output circuits. It is also used during power-up 
sequence to keep the PLS168 from sending 
power glitches to other circuits which it drives. 
By programming the PR/OE pin to control the 
Tri-state output buffers, the preset function is 
permanently disabled. By programming the 
PR/OE pin to control the asynchronous pre- 
set of the registers, the output buffers are 
permanently enabled. While using the preset 
function to asynchronously preset the regis- 
ter, if a rising edge of the clock occurs while 
the preset input is High, the registers will 
remain preset. Normal flip-flop operation will 
resume only after the preset input is Low and 
the rising edge of the next clock. Setting the 
registers to a predefined pattern other than all 
Highs may be accomplished by using a dedi- 
cated p-term, which is activated by an input 
pin which will also inhibit all other p-terms 
which are being used. The inhibiting of other 
p-terms eliminates the problem of undeter- 
mined state of an RS flip-flop caused by 
having Highs on both R and S inputs. 
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Diagnostic Features 

In debugging a state machine, sometimes it is 
necessary to know what is the content of the 
state register. The buried State Register may 
be read by applying +10V on Io, which will 
cause the contents of register bits P4 to Ps, 
Pg to Pg to be displayed on output pins Fp to 
Fz and Po and Pg respectively. While the 
device can handle the +10V on pin lp, 
prolonged and continuous use will cause the 
chip to heat up since more power is being 
dissipated at + 10V. To facilitate more expedi- 
ent functional tests, synchronous preset vec- 
tors as described above may be used to set 
the State Register to different states without 
having to go through the entire sequence. 


Timing Requirements. 

Since the PLS168 is intended to be a syn- 
chronous finite state machine, the inputs are 
expected to be synchronous to the clock and 
set-up and hold time requirements are ex- 
pected to be met. In general, the set-up time 
requirement is measured at its worst case as 
having the entire AND-array connected to the 
OR-term being measured and there is only 
one active AND-term to drive the entire line. 
The set-up time decreases from there as less 
p-terms are used. This is due to the capaci- 
tance of the unused AND-terms being re- 
moved from the line. Figure 8a shows the 
typical set-up time requirement of a PLS168A 
device. Figure 8b shows the normalized set- 
up time as a percentage of the worst case, 
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“which is with 48 terms connected. In a typical 


state machine design, some flip-flops will 
change states more frequently than others. 
Those that change more frequently will have 
more p-term loading on its OR gates than 
those that change states less frequently. The 
different loadings on the OR-terms cause 
different delay on the inputs of the flip-flops 
as shown in Figure 9. If an input fails to meet 
the set-up time specification, it is possible 
that the resultant of the input change gets to 
one set of flip-flops before the rising edge of 
the clock while it gets to other flip-flops during 
or after the clock's rising edge. The result is 
that some flip-flops have changed states and 
some have not, or some get into metastable 
condition as shown in Figure 10. The state 
machine is now either out of sequence or is in 
an undefined state. This problem often oc- 
curs with asynchronous inputs which is gener- 
ated totally independent of the clock on the 
system. A common remedy for the problem of 
asynchronous inputs is to use latches or flip- 
flops to catch the input and then synchro- 
nously feed it to the state machine. This 
minimizes the problem with the different prop- 
agation delays due to different p-term load- 
ing. But there is still a finite probability that the 
external latches or flip-flops will get into 
metastable condition, which may be propa- 
gated into the state machine. Nevertheless, 
the window for the flip-flops in state machine 
to get into undefined states or metastable 
condition is narrowed by a great extent. 
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APPENDIX A 


INTRODUCTION TO STATE 
MACHINE | 

A state machine is a synchronous sequential 
circuit which interprets inputs and generates 
outputs in accordance with a predetermined 
logic sequence. It is analogous to running a 
computer program with a computer. The state 
machine, with its sequence coded in hard- 


' DECODER 


. Spek cage pb ue ks s Papeete eS 
fabs coglngile BOGE) gi OG: Te tov 
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ware, can run much faster than a computer 
running the sequence in software. Therefore, 
it is often used in controller applications 
where speed is important. 


Generally, state machines may be classified 
as Mealy or Moore machines as shown in 
Figures 1a and 1b. The fundamental differ- 
ence of the two types are: the output of a 
Moore machine is a dependent of only the 


MEMORY 
ELEMENTS 


DECODER 


Appendix A-1. Moore Machine Model 


INa/OUTa 


Cs) 


" OUTPUT 
DECODER 


Appendix A-2. Mealy Machine Model 
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state of the memory elements whereas the 
output of a Mealy machine is a dependent of 
both the state of the memory elements and 
the inputs to the state machine. The figures 
also show graphic representations of the 
logic sequence in the form of state diagram in 
which the bubbles represent state vectors, 
and the arrows represent transitions from 
present states to next states. 


Sta 1S PRESENT STATE 
OUTa IS OUTPUT VECTOR 


INa IS INPUT VECTOR 


STb IS NEXT STATE 
OUTb IS OUTPUT VECTOR 
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STa IS PRESENT STATE 


INalSINPUT VECTOR | 
OUTa IS OUTPUT VECTOR 


STb IS NEXT STATE 
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APPENDIX B 
LOGIC PROGRAMMING 


The FPLS can be programmed by means of 
Logic programming equipment. 


With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 


In this table, the logic state or action of 
control variables C, |, P, N, and F, associated 
with each Transition Term Ty, is assigned a 
symbol! which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 


"AND" ARRAY - (I), (P) 


INACTIVE "2 


' STATE 


LS01890S 


PRESET/OE OPTION - (P/E) 


LS01810S 


[—oFrion | e008 |] 
[preser | | 


PROGRAMMING: 
The PLS168A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic high (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all highs (H) as the present state. 


LS01870S 


ACTION | CODE | ACTION | CODE | ACTION | CODE | 
INACTIVE? SET RESET L 


"COMPLEMENT" ARRAY - (C) 


n 
LS01930S 


[action | cone | [cone | 
[wacrive*™ [0 | [GeneRATE [A 


NOTES: 


CTION 


c c 
¢c c c 
T, Th Th 


LS01940S LS01910S 


ACTION =| CODE | ACTION 
| oe | TRANSPARENT 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Tp. 

2. Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T,, (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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DESCRIPTION 


The PLS173 is a 24-pin PLA device which has 
10 bidirectional outputs and 12 dedicated 
inputs. The output of the device is the sum of 
products of the inputs. The polarity of each 
output may be individually programmed as 
Active-High or Active-Low. A logic diagram of 
the device is shown in Appendix A. A 10-bit 
comparator similar to the 74LS460 compares 
two 10-bit data inputs to establish if EQUIVA- 
LENCE or NOT EQUIVALENCE exists. The 
output has True and Complement compari- 
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PLS173 as a 410-Bit Comparator, 


74LS460 


Application Note 


Notice that on the OR side of the program 
table in Figure 5, all the fuses in the OR-term 
are intact, which means that all the AND- 
terms are still connected to all the OR-terms. 
This feature provides for future modification. 
But if all the unused AND-terms are deleted, 
the device will run faster. There are also 
many unused AND-terms which will provide 
for future modification. But if they are deleted 
(both on the AND and OR side), it will amount 
to about 450A per term power saving. Figure 
3 is the program table with all unused terms 


son status outputs. The logic diagram of the _ deleted. 


comparator is shown in Figure 1. 


Table 1. Function Tabie 


The truth table is as shown in Table 1 where 
vectors a and b are 10-bit inputs to A9 to AO 
and B9 to BO. If the input to A9-A0 is bit-to-bit 
equivalent to the input to B9-BO, the two input 
vectors are considered EQUIVALENT, and 
output EQ goes High and NE goes Low. If the 
two input vectors are not bit-to-bit equivalent, 
then EQ goes Low and NE goes High. The 
circuit is implemented with AMAZE as shown 
in Figures 2a, 2b and 2c. The result of logic 
simulation of the circuit is shown in Figure 2d. Figure 1. Logical Equivalent Circuit of 
10-Bit Comparator 


HEHHHHHRE HEHEHE ANZE 1735 HEHEHE HEHEHE EERE 
HHPERERREREHREEHEHRHE P IN L. I S T S#tteeRHRSHERAHTR ARTE 


LABEL **% FNC *#PIN 

AO %*% ee 
BO ee 
Al ee 
Bl #4 
ee 
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#* 

HH 

+ 

ee 

ee 


FNC 4% LABEL. 
+5V *#*VCC 
*#*B9 
##AD 
*+BS 
**AS8 
*+ENE 
*#*EQ 
*%E7 
#HAT 
**#B6 
#xAG 
*x*BS 


ee ws ee me ee ee Oe ee ee we oe oe 


tretept riot 
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a. Pin List of 10-Bit Comparator 
Figure 2 
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ROEREEREE HEREC HEH ANZA 17S 46466 6 EEE 

@DEVICE TYPE 

828173 

@DRAWING 

ween sweneensenvece 10-BIT COMPARATOR USING PLS173 

@REVISION 

enunennewvannaeaenunenen REV-O 

@DATE 

eeaerzr een aneannwenanroane OCT-14-85 

@SYMBOL 

pew aw wens ew renee ce ANZ4 173 

@COMPANY 

weenececcceceseeee SIGNETICS 

@NAME 

eee wnnencesseaenee DAVID WONG 

@DESCRIPTION 

This circuit compares two 10-bit inputs. If they are bit-to-bit equivalent, 
outputs EQ goes HIGH and NE goes LOW. If the inputs are not bit-te-bit equiv- 
alent to each other, outputs EQ goes LOW and. NE goes HIGH. 

@COMMON PRODUCT TERM 


TO = AO * /BO 3 
Ti = /AO * BO 3 
T2 = AL * /BI 3; 
TS = /AL * B11 3 
T4 = A2 * /B2 ; 
TS = /A2 * B2 3; 
TE = AS *# /BS 3 
T7 = /AS * BS ; 
Te = A4 * /B4 ; 
T9 = /A4 * B43 
T1090 = AS * /BS ; 
T1i = /AS *» BS ; 
Ti2 = /A&6 * BS 3; 
Ti3 = A& * /B6 3 
T14 = A7 * /B7 ; 
TiS = /A7 * B73 
T16 = AS * /BB ; 
Ti7 = /AB x BSE; 
Ti8 = AY * /B9 ; 
T19 = /AD * BI ; 


@I/0 DIRECTION 
@OUTPUT POLARITY 
@LOGIC EQUATION 


EQ = /¢( TO + Til + 72 + TS + TH + T5 + TH + 17 + * TOA + TH + 
T1i0 + Ti1 + T1i2 + T13 + T14 + T1S + T16 + Ti7 + Ti@ + T1i9 ) : 


NE = TO + Ti + 172+ 73 +T4+7S + 16+ 77+ 78+ 79 + 
T10 + Ti1 + T12 + TiS + T14 + T15 + T16 + T17 + T1B + TID ; 
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b. Boolean Equations of 10-Bit Comparator 
Figure 2 (Continued) 
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HREKEKKHKEKKERERHERER ANZG 1735 CHEK KKEERKEEHEREE 
Cust /Proaject - sssasensenneseeeese DAVID WONG 

Date ~~ wwe weceeneeeee OCT-14-85 
Rev/T. D. ~ wwe anew emaweneaces REVO 
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c. Program Table of 10-Bit Comparator After Assembly of Boolean Equation File 
Figure 2 (Continued) 
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-ASAN24_173.STD 


" AMAZE FILE ID: AN24_173 
" LOGIC SIMULATION OF 10-BIT COMPARATOR 


<=2 INPUTS==> 
11 
109876543210 


000000000000 
010000000000 
100000000000 
110000000000 
000100000000 
001000000000 
001100000000 
000001000000 
0000 10000000 
000011000000 
000000010000 
000000100000 
000000110000 
000000000100 
090000001000 
000000001100 
000000000001 
000000000010 
000000000011 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
090000000000 
000000000000 


<=B (1/0) => 
9876543210 


OOO00LHOOO0O 
OOOOHLOO000 
OQOOHLOOO0O 
O000LHOOO0O 
QOOOHLOO000 
OOOOHL.O000 
OOOOLHOOO00 
OOOOHLO000 
OOQOOHLOO000 
OOO0OLHOOO0O 
OQOOOHLOOCO00 
OOOOHLOOO0O0 
OOOOLHOO0O0O 
QOOOOHL.0000 
OOOOHL.OO000 
O00O0LHOOO0O 
OOOOHL 0000 
OOOOHL.OO000 
OOOOLHOO00 
0100HLO000 
1000HLOO0O0O 
1100LHOOOO 
0001HLOO00 
001 0HLOO000 
0011LHOOO0O 
OOOOHLO100 
OOOOHL 1000 
OOOOLH1 100 
OOOOHLOO01 
OOOOHLOO10 
OOOOLHOO11 


ee @S we wh we we Wt wD OP ‘88 2s ee) we we 


an ‘et 


‘we 


at we wn we wt ae we we ee we wh wk we we 


TRACE TERMS 


AN24 


1/0 CONTROL LINES 
IIITIOOIIII DESIGNATED I/0 USAGE 
IITIOOIIII ACTUAL I/0 USAGE 


PINLIST... 
13 11 10 09 08 O7 O04 OS 04 O3 O02 O1 
23 22 21 20 19 18 17 16 15 14 ; 
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d. Test Vectors Generated by AMAZE After Logic Simulation 
Figure 2 (Continued) 
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PEELE LERE ETE EE EH ANZG 17S stateside eae te eesti ett 
Cust /Project “ evanecenancnenvonna DAVID WONG 

Date ~ aeeneccceeoevccees OCT-14-85 

Rev/I. dD. wT seme eanseneenocane REV-O 


828173 : POLARITY ! 
T ! 'HeHsHsH:eHsb:HsHsb:H! 
FEB renin emma erm ecw caremn mena menace a te me ea a ee crn cerenitntomme 
R ! i ! Bi) ! Blo) ! 
BD Dm re ae en eco cm enn mem eee em acre ee ecm ew 
_~!1_0_9_8_7_6_5_4 3_2_.1.0!9_6_7_6.3 4.3.2.1 0'9_8 7.6 5.4.3_2.1 0! 
Ober mgr me mg mL HI mye mm my mm te ge et A Age «2 @ e! 
Die mm ge em ye HL mgt mm mgt mm mts geo A Age « oo! 
Bt em mye mm yh HR mle mye me mye mm mtn age 2 A Age 2 wn! 
Ste ee mye wm nm GH Lm Hf mye mm Hye mm me ge e A Aye ee! 
Bite em mye L Hym mm mle mye mm mgm mm te ge eo A Age 2 oe! 
Sim - - -y- - HL ym mm te myn mm mye mm mtn wg st A Aye 2 oe! 
Bim mm mh Hm mg mm te mg mm ge mm te ge oe A Age 2 we! 
Tie = -H OL mye mm mlm mye me em Hye HH mtn ge te AA ee! 
Bi— — LL Hye mm mgr te mg mm myn mm mle ge w A Age we! 
Dim mH Lym mm ge mm te mg mm mye mm mtn ge ew A Aye 2 ee! 
MOL Ho mgr mm yg me te mye em mgm mm te ge ts A Age 2 oo! 
ALEH bm mye mg mm be mye mm mgm mm mle age ts A Aye « 2 oe! 
12$— = mye ye be mye mm mye KHL. ge @ A Age «  ! 
ISb— mye ym tm mye mm mgm HL Hie age s A Aye 2 2! 
Tht mm mye me mye me be mye mm mh Hm mle en ge 2 A Age 6 ee ! 
USim- - mye me eye re Pye em MHL mK ml. age ow A Aye 2 ot! 
WGin mm mye em mye mm be ml Hm mgm mm mtn age ts A Age 2 oo ! 
ATi mm mye mm ge mn te MHL me mye mm mtn ge ts A Aye 2 eo! 
WB mye ge Ih Hy mm mye mm mle cg ew A Migs « a o! 
WQim mye me mye me MPH Lm mm mye mm mle eget A Aye «wo! 
ZObe mm mye gt tt mg tm mn mm mle ge 8 we ge ew we! 
Zam mm mg mg te mye mm mg mm mtn ge ne ge ww ew! 
BZ my gt te mgt mm mgm mm te ge ee ge et we! 
23!— mye tyne ne i ~yr tm mye ee ol, *ge J s ege e e a! 
ZAR mm my mg tm mg mm mye mm mtn ge et ge ew 
Ted Nis ee A Neal oe ea ie a Ce ee ee Ee in eg gpl ie <a 
26!- baa mo ~~ = J “qo oe ote =e eda ~~ = — ~!, ege ® e age e e a! 
ST my gt my mm mgm mm mle ange ww ge et 
SN neg ee eg ee Na ee are a ca eS eg ee tal vga oie we et 
DE wg aie ag Ee ae Liar I ne a el ee SR le a ugar Je a tt 
SOP mm mye ye Ee ye mm mye mm mL ge 8 ow ge oe wo! 
SII- mye my ee le op Se age ah eqs * e ege . 4 a! 
D710 000,00 00,0 0 0 0'0 0,0 000,000 0! * 
D8!0 0 0 0,0 0 0 0,0 0 0 0'0 0,0 000,000 0! . 
D7'0 000,000 90,0 0 0 010 0,0 000,00 0 0! ° 
D6'0 00 0,0 0 0 0,0 0 0 0!0 0,0 0 0 0,0 0 0 0! . 
DSt— yr yr le mye re eye ee! . 
DAatm -— - ey ee eye nm eK fl eee me em mye mo! . 
D3!0 000,00 00,0 0 0 0!0 0,0 00 0,0 0 0 0! ° 
D2!0 000,000 0,0 0 0 0!0 0,0 0 0 0,0 0 0 O! . 
D110 000,000 0,000 016 0,0000,000 0! e 
b0!0 000,000 0,0 0 0 0!0 0,0 000,000 0! . 
BABABABABABABABANEBABABABANEBABA 
SS5443 3221100998 BEQOQ77464499B8BERT7746 
TB01810S 


Figure 3. Program Table of 10-Bit Comparator With All Unused Terms Deleted 
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APPENDIX A 
FPLA LOGIC DIAGRAM FOR PLS173 
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NOTES: 

1. All programmed "AND" gate locations are puiled to fogic "1". 
2. All programmed "OR" gate iocations are pulled to logic “O"’. 
3. Programmable connection. 
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DESCRIPTION 


The following is the implementation of a 
counter/controller using a PLS157. This sys- 
tem counts and controls the number of 
entries to a certain media. For example, it can 
be used as a parking-lot controller to keep 
track of the number of cars entering a parking 
lot, and restricting any entries when the 
parking lot is full. 


The design utilizes the six registers, six bi- 
directional |/O lines and the general architec- 
ture of the PLS157. In this design, the user 
can set the maximum number of entries using 
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A Simple Enitry/Exit 
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Application Note 


external switches. Since the six registers in 
the device are used as a six-bit counter, the 
maximum number that can be set is 2°. 
However, the design can be cascaded to 
increase the number of entries. 


SYSTEM OPERATION 

The basic system configuration is shown in 
Figure 1. As can be seen from this figure, the 
system can be expanded indefinitely. All the 
devices in cascade are identical to each 
other. Whenever there is a need for expand- 
ing the maximum number of counts, a device 


LOGIC HIGH 


Figure 2. /ENAB_CTRL Output Configuration 
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can be programmed identical to the device(s) 
already in the system and added in cascade. 


There are external switches connected to the 
bi-directional inputs of the flip-flops. The user 
sets the maximum count in binary with the 
switches and loads the value into the regis- 
ters. If the maximum count necessary ex- 
ceeds the number available in one device, 
then another device is cascaded to the exist- 
ing device. For example, in a system with two 
devices, the maximum available increases to 
2'2 or 4096. 


When the maximum count is set, the control 
circuitry is used to keep track of the number 
of entries and exits. In the case of a parking 
lot, a pressure sensor can be used at the 
entrance and exit to generate a pulse which 
triggers the control circuitry. An alternative 
could be light beam sensors to generate the 
necessary pulses. 


The operation of the system is such that each 
entry decreases the maximum count stored in 
the registers by one. When the count is zero, 
it means that the media is full and the control 
circuitry generates a signal to disable any 
further entries to the system. On the other 
hand, each exit increases the count by one. 
Since it is assumed that the media is empty 
when the maximum count is set, it is, there- 
fore, impossible to physically count past the 
maximum set number. This is due to the fact 
that there cannot be more exits from the 
system than the actual number of objects 


‘residing in the system. If there are objects in 


the system when the maximum number is set, 
these objects should also be taken into 
consideration when setting the maximum 
count. 


CONTROL SIGNALS 
The following is the explanation of the control 
signals shown in Figure 1. 


The /ENTRY and /EXIT inputs signify an 
entrance or exit to or from the respective 
media and are triggered from the sensors at 
the entrance and exit. Each entry causes a 
count-down from the maximum set number 
until all the flip-flops are low. This means that 
the system is full and the count-down should 
be disabled. 
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Figure 3. Single Device Configuration 
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When all the flip-flops are low, the /FULL_N 
signal which is an Active-Low output is acti- 
vated. The count-down is enabled by the 
/ENAB_DN input, which is connected exter- 
nally to the /ENAB_CTRL line. The 
/ENAB_CTRL is a Tri-state output which is 
controlled by the /FULL_N signal. When all 
the flip-flops are low, the /FULL_N signal 
deactivates the /ENAB_CTRL output as 
shown in Figure 2. 


All of the /ENAB_CTRL outputs are connect- 
ed to the /ENAB_CTRL bus as shown in 
Figure 1. When the media is full, all the 
/ENAB_CTRL signals are deactivated which 
cause the count-down to be disabled. 


An exit causes a count up. As mentioned 
before, the total number of exits from the 
system cannot exceed the total number of 
entries. 


The /ALLHIGH_N signal is an Active-Low 
output which becomes low when all the flip- 
flops are high. Figure 3 shows the configura- 
tion of a single device. 


The /FULL_N and /ALLHIGH_N signals are 
used to activate the /FULL_N-1 and /AL- 
LHIGH_N-1 of a cascaded device. These 


TC03350S 


COUNT UP 
TB02080S 
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signals will be explained in detail shortly. The 
/FULL_N signal is also used to trigger any 
control circuitry used to restrict any further 
entries to the system. In the case of a parking 
lot, the /FULL_N can be used to activate a 
light or close the entrance gate. 


The EXOR output is used to clock the system 
and is externally connected to the CLK input 
of the device. The EXOR generates a clock 
pulse when either an exit or entry take place. 
This restricts the system from counting if a 
simultaneous entry and exit takes place. 


To set the maximum count, the user can use 
switches connected to inputs FO-F5 of the 
device(s). Then by bringing the /LOAD input 
low and triggering the /ENTRY or /EXIT 
inputs to generate a clock pulse, the data 
from these switches can be latched into the 
registers. 


CASCADE DEVICE EXAMPLE 

This is an example of two cascaded devices. 
Figure 4 shows the cascade configuration of 
devices 'A' and 'B'. For the sake of simplicity, 
it is assumed that each device contains only 
two registers. This assumption gives clarity to 
the explanation, and can be extended to 
cover the six registers contained in each 
device. 


As an example, it is assumed that the maxi- 
mum count to be implemented in this exam- 
ple is 1001 in binary. In other words, the 
maximum number of entries is set to be 'ten’. 
FOA and F1A are the registers in device A, 
and FOB and F1B are the registers in device 
B. 10 is the input sequence to device B and 
01 is input sequence to device A. 


The count-up and count-down sequences are 
shown in Table 1. 


Table 2. Count Sequence 


n 
Ry 
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In the 1001 example, FOB is the MSB (Most 
Significant Bit) and F1A is the LSB (Least 
Significant Bit). As can be seen in Table 1, a 
count-down occurs in device 'B', when FOA 
and F1A are both low. When FOA and F1A 
are low, this means that the /FULL_N signal 
is active. The /FULL_N-1 input of device 'B' 
is connected to the FULL_N output of device 
'A'. Therefore, a count down occurs in device 
'B' only when the input to /FULL_N-1 goes 
low. In this manner, the count-down se- 
quence in Table 1 can be implemented. 


Similarly, for the count-up sequence, a count- 
up occurs in device 'B' only when both FOA 
and F1A are high. At this point, the /ALL- 
HIGH_N signal becomes active. Therefore, a 
count-up occurs in device 'B' only when 
/ALLHIGH_N of device 'A' is active. 


UP/DOWN COUNTERS 

An up-down counter is implemented in each 
device to keep track of the number of entries 
and exits. To implement these counters the 
flip-flops are set in the toggle mode. Table 2 
‘shows the count sequence. 


The following conditions are true for the 
count-up sequence: 


Table 3a 


REGISTER | TRUE CONDITION FOR 
TOGGLE 


Unconditionally Toggle 


FO*F1 


0 
F5 


FO*F1*F2*F3 
| FS |: FO*F1*F2*F3*F4 


Similarly, for the count-down sequence: 


Table 3b 


REGISTER | TRUE CONDITION FOR 
TOGGLE 


Unconditionally Toggle 
/FO*/F1*/F2* 
/FO*/F1*/F2*/F3 


/FO*/F1*/F2*/F3*/F4* 
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Figure 5. CNT-UP and CNT-DN Signals 
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Figure 6. System Clock 


File Name :s METER 
Date + 10/31/1985 
Time +: 142353531 


SHU HHHHEHH EER OO ON 


LABEL FNC *#F IN 
CLE CK 
7FULL_N-1 ¥* 
/L.OAD He 
/ENAB_ DN %% 
/ENTRY x* 
/EXIT He 
/ALLHIGH _N-1** *% 
7/ENAB_ CTRL «* /BR #* 
EXOR He 
GND ** 0 


= 
TVUON GU SW 
“ft dg tad ba bet 


L 1 S T #####0ssEEHHEEHHEHEHE 


FINe® FNC #4 
*eHVCCT 
*#*/FULL_N 
¥HFS 
HES 
HEF S 
HHFE 
#HFL 
REEQD 
O **/ALLHIGH_N 
OR ¥*N/ZC 


LABEL 


Figure 7 


CONTROL SIGNALS 
The following are the control signals used to 
control the operation of the devices: 


The logic diagram for generating the 'CNT- 
UP' and 'CNT-DN' signals is shown in 
Figure 5. 


As can be seen from this figure, a count-up 

occurs when the following is true: 

a) An exit takes place and, 

b) the system is not loading in any data and, 

c) the previous stage has generated the 
/ALLHIGH_N-1 signal. 


A count-down occurs when: 

a) An entry takes place and, 

b) the system is not loading in any data and, 

c) the previous stage has generated the 
/FULL_N-1 signal and, 

d) the media is not full, thus /ENAB_DN 
signal is low. 


The system clock is generated using the 


~ CNT-UP and CNT-DN signals. The system is 
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to be clocked only when an exit or entry takes 
place. In order to prevent the system from 
being clocked when a simultaneous entry and 
exit takes place, these two signals are exclu- 
sive-OR'ed (Figure 6). 


The equations shown in (Tables 3a and 3b) 
are generated using Signetics AMAZE soft- 
ware (Figures 7 and 8). The resulting program 
table is shown in Table 4. 
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@DEVICE TYPE 
PLX157 
@DRAWING 
@REVISTON 
@DATE 
10-31-85 


@SYMBOL 
ENTR/EXIT METER 


@COMPANY 
SIGNETICS 


@NAME 
ALI GHEISSARI 


@DESCRIPTION 

HEHEHE EHH EEE HH ETE EE ETE TE TE ETE TEE TEE TE TEE TEE TEI TE HEHE HE IE TE FETE EE HIE HEE HETE ESE EE EGE GE 
* The following is the implementation of a Entry/Exit Meter. A *% 
* application of this device would be in controlling the number of * 
# entries to a certain media. An example is a parking lat controller * 
* for restricting the number of cars entering the lot. % 
* The maximum number is programmable and the design can be cacaded to #. 
* Accomodate an increase in the number of entries. * 
* The system counts down from the maximum set number to zero * 
* The number of exits cannot exceed the maximum count set by the * 
* external switches,therefore the upper limit on the count will never «* 
* be exceeded. * 


EEEKHEEH EHH HEHEHE HEMEL KE EEK HEH HE EET ETE TE SE EE FETE TE SEE HE EME HE FEE EE EE TEE HEE EE GE 


@COMMON FRODUCT TERM 

UPCNT = /LOAD * EXIT * ALLHIGH. N~-1s "UPCNT is the signal generated for " 
"activating the count-up from the ENTRY " 
“input and the ALLHIGH signal from any " 
"connected devices - 


DNCNT = /LOAD * ENTRY * FULL _N—1s; / “DNCNT is similar to UPCNT except it is " 


“generated for the count down ie 


ALL-HIGH 
ALL ~LOW 


"ow 


/FO * /F1 * /F2 * /E3 * /F4 * /FS3 
FO * Fl * F2 * FE *# F4 * FS; 


@COMPLEMENT ARRAY 
/C = /(0)3 


@I/O DIRECTION 


DO = O; "EXIT is an input i 
Di = O; “ALLHIGH _N-1 is an input . 
= /FULL Ns “When maximum count is reached /FULL_N ' 


“disables /ENAR-CTRL. which in turn disables " 
“the device(s) from counting down . 
“/ENAB-CTRL is connected to the ENAB_DN of the " 
" device(s) 


"EXOR is an output 
“/ALLHIGH_N is an output 
“/PULL ON is an output 
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@OUTFUT POLARITY 


X2 = O35 "/ENAB_CTRL is active low e 
X3 = 13 "EXOR is active high o 
X4 = Q¢. “/ALLHIGH_N is active low ? 
XS = O; "/FULL_N is active low ue 
@FLIP FLOP CONTROL 

FC = 13 "All flip flops are J-K 
@OUTPUT ENABLE 

“NOT USED" 

@REGISTER LOAD 

LA = LOAD: “Load the registers with the number set a 
LE = LOAD; “by the input switches - 


@GASYNCHRONOUS FRESET/RESET 
"NOT USED" 


G@FLIF FLOP MODE 
“NOT USED" 


@LOGIC EQUATION 
EXOR = UFCNT*#/DNCNT + DNCNT#*#/UFCNT: "Qutput count pulse only if there is not " 
"a simultaneous entry and exit nN 


7FULL ON = /¢ ALL-LOW * /LOAD)s “indicates when maximum count is reached " 
VALLHIGH N = /¢€ ALL-HIGH * /LOAD)s “shows when empty . 
/ENABR CTRL = /(i)3 “puts low on the ENAB CTRL bus * 


"The following is the implementation of the counter tagether with the i‘ 
“necessary logic." 


/FOs T 


(ENAR_DN * DNCNT) + UPCNT: 


/Fis T = CENAR DN * FO * DNCNT) + (/FO * UPCNT)s 


/F2: T = (ENAB_DN * FO # Fl % DNCNT) + (/FO * /FL * UPCNT): 


/FS: T = (ENAR DN * FO * Fil * F2 * DNONT): + 
C/FQ * /F1 * /F2 % UPCNT); 


/F4a: T = (CENABLDN * FO * Fi * F2 * FR * DNCNT) + 
(/FO * /FL *# /F2 * /FR * UFCNT): 
/FS: T = (ENAB_DN * FO * Fil * F2 * FS *« F4 * DNCNT) + 


(/FO * /F1 /F2 * /FS # /F&a #* UPCNT) 3 


TB01940S 


Figure 8 (Continued) A 
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Table 4. Program Table for Entry/Exit Meter 


Cust/Froject - ALI GHEISSARI 

Date - 10-31-85 
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FEATURES 


® 100% functional replacement for all 
20-pin PALs 


® 1/0 propagation delay: 15ns (max) 
® Security fuse lock 

® 10 inputs 

® 8 bidirectional 1/0 lines 


® Tri-state outputs have programmable 
polarity 


@ Architecture: 8 groups of nine AND 
gates. Total of 72 product terms 


® Software support on Signetics 
AMAZE 


® Compiete TTL compatibility 


® Each bidirectional |/O has individually 
controllable output enable 


ARCHITECTURE 

The PLHS18P8A is an oxide-isolated, bipolar 
field-programmable logic array. This device is 
configured as a decoding two-level AND-OR 
(sum of products) structure. The PLHS18P8A 
block diagram is shown in Figure 1. All the 
AND gates are linked to ten inputs (Ig — Ig) 
and eight bidirectional 1/O lines (By) — By). 
These links can be made via the on-chip 
true/complement buffers. The 72 AND gates 
are configured in 8 groups which contain 9 
AND gates each. In every group, eight AND 
gates are used for user-defined logic func- 
tions and the ninth AND gate is used as a tri- 
state output enable control. This gives the 
user capability to control the output enabie by 
means of a product term. The outputs of the 
eight logical product terms are ORed together 
(see Figure 1). The output polarity of each OR 
gate is individually programmable via an Ex- 
clusive-OR gate. The user has a choice of 
Active-Low or Active-High on each of the 
eight outputs. Figure 2 shows the logic dia- 
gram of the PLHS18P8A. 


HOW A DEVICE Is 
PROGRAMMED 


There are three main prograrnmable sections 
on the PLHS18P8A: 
A. The AND array. 


B. The output polarity. 
C. The security fuse. 


A. The AND array — The AND array fuses 
are back-to-back diode pairs which act as 
open connections in a virgin device. These 
open connections are configured as ‘Don't 
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Cares' (' —') in an unprogrammed device. The 
open connections are pulled to a logic high 
('1') (see Figure 3). Consequently, all unpro- 
grammed AND locations are pulled to a logic 
high ('1') state. This means that in an unpro- 
grammed device, all the product terms are 
active. During fusing, current is avalanched 
across individual diode pairs. This essentially 
short circuits the diode and provides a con- 
nection for the associated product term. Fig- 


‘ure 3 shows how a typical connection is made 


to the AND array (see Appendix B for a 
description of the vertical fuses). 


The inputs to the AND array consist of 10 
dedicated inputs (10-19) and 8 bidirectional 
1/Os (B(0) — B(7)). Initially, all these inputs are 
configured as ‘Don't Cares’ ('-'). These 
inputs can be connected to the AND array 
through an inverting or non-inverting buffer. 
The AND gate can be connected to the 
inverting buffer by programming the inverting 
fuse. Similarly, a connection can be made to 
the non-inverting buffer by programming the 
non-inverting fuse. Disabling an AND term is 
achieved by implementing a logical low ('0') 
on the output of the specified AND gate. At 
least one pair of fuses must be programmed 
for one input to disable the product term. 
When both fuses are programmed, both the 
inverting and non-inverting buffers are con- 
nected to the inputs of the AND gate. This will 
in turn create a logical Low ('0') on the output. 


In each block of nine AND gates, one gate is 
used as an output enable control for the tri- 
state output. The remaining eight gates are 
connected to a fixed OR gate. Since in the 


unprogrammed state the outputs of all the. 


AND gates are at logic High ('1'), the output 
of the OR gate also acquires a logic High 
state. Therefore the user is responsible for 
deactivating any unwanted product terms. 
This is done by creating a logic Low ('0') on 
the outputs of the unwanted product terms as 
previously explained. Moreover, the output 
buffer is always enabled since the product 
term controlling the tri-state output buffer also 
has a logic High state. If any of the bidirec- 
tional pins are to be defined as inputs, the 
product term controlling the specified bidirec- 
tional pin must be disabled. The bidirectional 
pin can also be configured as a dynamic I/O 
by defining the required logic for the output- 
enable-control product term. 


B. The Output Polarity—I!n an unpro- 
grammed device, all the output polarities are 
configured as inverting buffers. The outputs 
of the PLHS18P8A are configured as tri-state 
buffers. The two inputs of each Ex-OR gate 
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are connected as follows: one input is con- 
nected to the output of the fixed OR gate. 
The second input is a connection to ground 
(logic low) through a fusible link. Figure 4 
shows how an Ex-OR gate is used to define 
the output polarity. 


As mentioned earlier, an unprogrammed fuse 
acts as an open connection which is pulled to 
a logic high. Therefore the output of the Ex- 
OR gate acts as an inverting buffer. When the 
fuse is programmed, there is a connection 
between ground (logic Low) and the input of 
the Ex-OR gate. This will cause the Ex-OR 
gate to act as a non-inverting buffer. 


C. The Security Fuse — Programming equip- 
ment used to program the PLHS18P8A are 
capable of determining the logic pattern 
stored in this device (see Appendix A). The 
security fuse can be blown to disable the 
programmer from reading the pattern in a 
programmed device. This feature adds a 
measure of protection for proprietary designs. 


The procedure for programming this fuse 
depends on the programmer manufacturer 
and is explained in the manufacturer's opera- 
tions manual. 


DESIGN TOOLS FOR THE 


PLHS18P8A 

Many ow tools such as Signetics’ AMAZE 
software! are available to implement designs 
using the PLHS18P8A. The AMAZE software 
enables the user to enter the design in the 
form of Boolean equations or via the program 
table shown in Table 1. This program table is 
a one-to-one map of all the programmabie 
links of Figure 2. The following explains the 
implementation of designs using the program 
table. Also, an example on using the Boolean 
Logic Entry program of the AMAZE software 
is given. 


Using PTE (Program Table Entry) — As- 
sume that Z is a typical logic function with the 
following equation: 


Z=P0+P1 
Where PO and P1 are product terms with the 
following equations: 

PO=A* /B*C 

P1=/A* B* /D 


NOTE: 


1. Refer to Signetics Programmable Logic Data Manual for a 
complete description of the AMAZE programmable ae 
development software. 
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Figure 1. Block Diagram of the PLHS18P8A 


November 1986 9-165 


Signetics Application Specific Products - Application Note 


PLHS48P8A Primer AN26 


0 INPUTS (0-35) 35 
ee a | 
° EEE Eo 


BRE eo 19) Br 


fii 


17 A 


“Hl So Se 


18} Be 


SRO SE RES ER ESS eRe ee pd Bs 
26 — pa 


TTT CTL 
TTUIC LLL LLEE CLL ra] 
2 SCOOT CTT a 
iS PTT Ore 
4 35 eee 
Q ITAL ATT A | 
i] - q , 5 
2 BHT 
wi Pn 2 
- {ti Til Cite IT 
© SESE BEE eee 
2 PTT Tc 
8 PTT Ceo 
= Sec 
20 0en CRO Oe eee Soe 115| Bg 
20268 SOS ee a Se eS oe 
ToT BEE OE EBS 


“O inet Rte 
» 


's @} Ct 


ao -SiNMiNIBLaI 


ela) ‘miliMiinilinilinilinilin 


0026208 
NOTES: 


1. All unprogrammed or virgin "AND" gate locations are pulled to logic "1". 
2. All unprogrammed or virgin "OR" gate locations are pulled to logic ''1" 


3.  Programmabie corrections. 
Figure 2. Logic Diagram of the PLHS18P8A 
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a. Unprogrammed Connection 


b. Programmed. The Non-inverting Buffer 
is Connected to the AND Gate 


Figure 3. How a Fuse is Programmed 


Figure 4. How the Output 
Polarity is Defined 


The program table in Table 1 is used to 
implement this equation. Table 2 shows the 
implementation of the logic function using the 
PTE. The first group of AND terms is used to 
implement this function. B(7) is used for the 
output, 10, 11, and !2 as inputs. 


—— Term 0 is the direction control term. It is 
the tri-state output enable control term. 
Since Z is configured as an output, leaving 
Term 0 in its unprogrammed state causes 
the output to be unconditionally enabled. 


— Term 1 is the P-term labeled PO, where 
A*/B*C is designated by HLH in columns 
10, 11, and 12. 


November 1986 


— Term 2 is the P-term labeled P1, where 
/A*B*/D is designated by LHL in columns 
10, 11, and 12. 


— Terms 3, 4, 5, 6, 7. At least one input (or 
all the inputs) must be set to zero to 
disconnect these terms from the OR gate. 


— The output polarity for B(7) is H, and this is 
entered in the ‘Polarity’ section. 


Using BLAST (Boolean Logic And State 
Transfer) — The BLAST module in AMAZE 
can be used to implement the above equa- 
tion. Figures 5 and 6 show the pin list and 
logic equation format. Table 3 is the program 
table generated from these equations. 


APPENDIX A 
Programmers 


The PLHS18P8A can be programmed by - 


means of logic programming equipment. With 
Logic Programming, the AND/Ex-OR gate 
input connections necessary to implement 
the desired logic are coded directly from the 
logic equations using the program table 
shown in Table 1. 


The symbols used in the program table corre- 
spond to the fusing pattern of the corre- 
sponding link pairs, defined in Figure 6. 


To program the device, the address of every 
fuse to be programmed must be entered in 
the programmer. This is a tedious and error- 
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prone method of implementing the required 
logic pattern. Using CAD software, such as 
Signetics' AMAZE software, enables users to 
go directly from program table or logic equa- 
tions to a fuse plot. The fuse plot can be 
downloaded to a programmer through a serial 
port. 


APPENDIX B 
The vertical fuse is the latest in programma- 
ble logic technology. It combines reliability, 
low capacitance and testability in an incredi- 
bly small space. 


The vertical fuse takes advantage of the 
properties of silicon and aluminum. The virgin 
fuse is a three-layer device: a shallow layer of 
N-type silicon on top, a layer of P-type silicon 
in the middle, and a layer of N-type silicon on 
the bottom. This forms a pair of PN diodes, 
back-to-back, which will not allow current to 
pass under normal circumstances. 


There is a cap of aluminum on top of this 
structure. During programming, high current 
conditions (50 to 100 times what is seen 
during normal operation) is induced by ava- 
lanche breakdown of the reverse-biased di- 
ode. The aluminum will ''spike'’ through the 
shallow N-type layer. Once the aluminum has 
spiked through, the top diode in the pair is 
shorted out. The whole vertical fuse will then 
look like a pure PN diode. Before program- 
ming, the fuse is an excellent blocking ele- 
ment, having current leakages in the order of 
nanoamps. After programming, the fuse is set 
as a small, well-defined diode. 


QUALITY 

Besides the AC and C parametrics, each and 
every fuse goes through three tests for for- 
ward characteristics, reverse characteristics, 
and programmability. Extensive on-chip test 
circuitry ensures full AC parametric testing 
before and after the part is programmed. This 
insures that the customer receives the high- 
est possible fusing yield which is made possi- 
ble by vertical fuses. Vertical fuses also offer 
the srmaliest and fastest asray structure to- 
gether with the highest reliability possible. 
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Cust/project -PLHSIGPGA Priaar 


Date -Hay 1984 
Rev/I. D. bas 
Comment s1 
Program Table for iaplenenting 
Z= PO + Pil 
where: 
PO = A. (/B).C 
PL = (/A).B. (/D) 
PLHG16Pe : POLARITY : 
ee VARIABLE Ee eee cE 
TT: NAME 'LelLaleblselslLstst! 
eg! ~- momen 
RR: I plelala Bi) Bia) ! 
MM fae: ae 2 oe 
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File Name : 19PRIMER 
Date : 3/22/1986 
Time ¢ 13352:54 


##BIDIR 
##/BDIR 
#4N/C 
+N /C 
#4n/C 
+4N/C 


TB03051S 


Figure 5 


File Name =: 1GPRIMER 
Date : $S/22/1986 
Time « 13333359 


@DEVICE TYPE 

PLHS1EPEGA 

DRAWING 

eocevcncccsese PLHBIBPBA PRIMER 


@GREVISION 
eenvreveansevrens PLHB1@PB8A REV ae & 


@DATE 
eooscvcscccese May 1986 


@SYMBOL. . 
eeseoeeeevneenenan PLH816P6A 


@COMPANY 
eeeonvanonevannve SIGNETICS 


GNAME 
oerccecceveces Ali Gheisseri 


@QDESCRIPTION 


DIA BME LE GE PES BF AEF OG BH 08 A A 0 0a 2 482 8 
+ This is an exaaple of iaplementing equations for * 
* the PLHB1GPGA using AMAZE * 
SEG GOREG HO EOE EHH EEO EEE ERENT REESE EOE GEES 


@COMMON PRODUCT TERM 
PO = A+ /B & C3 PO and P1 ere used to declare common 
Pl = /A & /B # /D; product teres. 


@I/0 DIRECTION 

D7 = is Defines B7 to be an output 

D6 = 13 Defines Bé to be an output 

DS = 0; Defines BS to be an input 

D4 = A; B4 an output when A is true otherwise an input 
DS = By BS an output when B is true otherwise an input 


@OUTPUT POLARITY 

X7 = O3 Docuaents the output polarity as active high 
X6 = 13 Docuaents the output polarity as active high 
X4 = 03 Documents the output polarity es active high 
X3 = ig Docuaents the output polerity as active high 


@LOBIC EQUATION 


“Examples of some simple equations 
Z = PO + Pi3 


INVERT = /( INPUT )9 
BIDIR = /BDIR # Bs; 
/BEDIR = /( A *#C # D * /Z & INVERT @ INPUT # BIDIR )3 


Figure 6. Boolean Equation File 
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INTRODUCTION 

The PLHS473 is a 24-pin field- programmable 
logic array (FPLA) which has 11 dedicated 
inputs, 2 dedicated outputs and 9 bidirection- 
al !/Os. The logic array consists of 24 pro- 
grammable product terms which are connect- 
ed to 22 programmabie OR terms in the 
classical PLA architecture. A functional dia- 
gram is shown in Figure 1. The shaded areas 
represent programmable interconnects be- 
tween: vertical and horizontal lines. Eleven 
dedicated inputs, Ip to l49, are located on the 
upper lefthand corner of the diagram, and the 
9 bidirectional I/Os, Bo to Bg are located on 
the lower righthand corner. All inputs to the 
AND array have true and inverting input 
buffers. The output portion of the 9 bidirec- 
tional |/Os and 2 outputs may be pro- 
grammed to be Active-High or Active-Low by 
altering fuses Xo to Xg, Xq and Xg which are 
connected to one leg of the Exclusive-OR 
gates. Each output is connected to two OR- 
terms, one of which provides the logic func- 
tion OR to the output while the other provides 
the ENABLE function for the tri-state output 
buffer. Alternatively, each output may be 


configured to emulate an open-collector out- — 


put by programming the output to an uncondi- 
tional LOW and apply the logic function on 
the tri-state controlling OR-term as shown in 
Figure’ 2. In addition, the PLHS473 has a 
security fuse which may be programmed to 
lock out unauthorized access to the fuse map 
of the design. 


This device is fabricated with an oxide-isola- 
tion process for the best speed/power perfor- 
mance. The programmabie element is a ''ver- 
tical fuse'' which is actually two PN diodes 
connected back-to-back (anode-to-anode 
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stacked on top of one another) as shown in 
the insets of Figure 1. The fuses are normally 
open-circuited. To program a fuse, a suffi- 
ciently high voltage is applied across the two 
diodes such that one diode breaks down 
which induces metal migration across the PN 
junction of the avalanched diode. This tech- 
nology allows smaller chip size and faster 
speed performance. The guaranteed propa- 
gation delay may be tested by using the two 
factory-programmed test columns and a test 
row as a test vehicle for speed testing. These 
test columns are to be deleted automatically 
in the process of programming. 


The vertical fuses of an unprogrammed de- 
vice, being normally open-circuited, set all 
AND terms to a High state and disconnected 
to all OR terms. The OR terms are normally 
Low when they are not connected to the AND 
terms. Once an AND term is programmed to 
make connections with the OR array, it can- 
not be disconnected. However, AND terms 
may be disabled by having the true and 
inverting input buffers (e.g., A * /A, B * /B, 
etc.) of all inputs connected to the AND term 
which is to be disabled. 


While even a single input, (A * /A), will hold 
the AND term to a Low, glitches may develop 
if the input voltage changes state. Therefore, 
it is recommended that the complementary 
buffers of all inputs in the disabled AND term 
be connected. . 


Programming the PLHS473 

The programming table and symbols of the 
PLHS473 are shown in Table 1 where there is 
a place for every function that is shown in 
Figure 1. The table is divided into two main 
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sections. The left side of the table, sections A 
and B, represents the input side of the AND 
array (section A has all dedicated inputs Ip to 
149, section B has inputs from the bidirectional 
1/Os Bo to Bg), whereas the right side, sec- 
tions C, D, and E, represents the outputs of 
the OR array. Section C represents the OR 
array which controls the tri-state output buf- 
fers of the bidirectional |/Os Bo to Bg and 
outputs O, and Og, while section D repre- 
sents the OR array which drives the outputs. 
Section E controls the output polarity of each 
output. As shown in Table 1, the program 
table is very similar to a truth table. Each row 
represents one of the 24 product terms, while 
each column in sections A and B represents 
an input to the 24 product terms and in 
sections C and D, each column represents an 
output. The intersection of a column and a 
row in sections A and B represents four 
possible fuse configurations, namely, 1) both 
inverting and non-inverting input buffers are 
connected to the AND term, 2) only the 
inverting buffer is connected, 3) only the non- 
inverting input buffer is connected, and 4) 
both inverting and non-inverting buffers are 
disconnected. These four configurations are 
represented as "0", "L", "H", and "-", . 
respectively. Each intersection of a row and a 
column in sections C and D involves only two 
fuse configurations, either connected or dis- 
connected. Therefore, the entry there is ei- 
ther "A" or ''~"', respectively. In the polarity 
control section (section E), each square rep- 
resents the configuration of the fuse connect- 
ed to the Exciusive-OR, which is connected 
to a particular output pin. An ''H" represents 
an Active-High or non-inverting output, an 
“L'' represents an Active-Low or inverting 
output. See Table 1 for further details. 
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TC11310S 
NOTES: 
1. All unprogrammed or virgin ''AND" gate locations are pulled to logic ''1". 


2. All unprogrammed or virgin "OR" gate locations are pulled to logic ''0"'. 
3. Programmable connections. 


Figure 1. PLHS473 Logic Diagram 
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a. 


SUM-OF-PRODUCT 


OUTPUT = 
i(SUM-OF-PRODUCT) 


TG11320S 


Figure 2. Emulation of Open-Collector Output 


Notice that as shown in Figure 1, all fuses in 
their unprogrammed state are normally open- 
circuited. This means that all product terms 
are initially disconnected to the OR array, all 


OR gates are initially at a logic LOW, and all 
output pins are initially in High-Z state. There- 
fore, if anys of the outputs are to be enabled, 
its controlling OR term must be set to a logic 
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HIGH. An example is shown in Table 2, term 
0 where pins Oa, Og B(O)g are programmed 
as dedicated outputs. The input section of 
term 0 is entirely ''dashed out" (this is actual- 
ly its unprogrammed state) which causes the 


-AND term to be unconditionally HIGH. OR 


terms E,, Es, and Dg are connected to 
product term 0 by the "A" entries in their 
respective squares. The rest of the D section 
and the B(O) section are "dotted out" (left 
unconnected) since we are not concerned 
with them for the moment. If more outputs are 
needed later on, their corresponding squares 


may be changed to "As" from "dots" as the 
need arises. 


wal 
a 
CUSTOMER NAME , 
| PURCHASE ORDER #_ mace ( 
| SIGNEFICS DEVICE #_ CF (XXX), ———=*d*=Ct 
| CUSTGRIER SYMBOLIZED PART # 
| TOTALAIUMBER OF PARTS SECTION E Z 
| PROGRAM TABLE #______ REV DATE 
: Ce 
" 2 Ee ee 1 
See eee E EERE EE EEE E PEE EEE EEEEEere| 
SF rl en lc Gt ld Gt SON eG Ot Sl 0 
tet tt tH HH EE EE Et 
poe See ee ee 
hte} tf t+} |} 4} 4} +} 4} tt = 
SEE EE IEE IIH ie ee ed oe to 
ee Se ee ee Pr 
eae Ce Da (We ae a ee 
ca me SECTION D 
a SECTION B Ere ‘ 
13 | — = 
Et. We SG GF a eG 
| SW oe ie 
ona Snes See Sea ene ae a Seeee eae eee eee nee a= 
aa Poet ie el ed ee er 
BEC E EE ler eet Eerie ereri 
Bf tt} + +++ BEER EEE EERE (2 (Ea RS Ds RR ie a 
pep 4 as en Loe OD a 
ae stetetetetetatatat Pes ier ase 
mieeaie noc tata ste E EEE | [| [1s [ 0 | Mec [15 | 14] 19) 
; The FPLA is shipped with all links open. 
a . Unused | and B bits in the AND array exist as | 
Don't Care (—) in the virgin state. 
nil ill . Alt P-terms are inactive on ail outputs (B, Q) in the ill 
5 2] virgin array. 
. Unused product terms can be left blank. 
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OUTPUT POLARITY — (0, B) 


~ pb 


[Active LeveL _[ CODE] 


TC025608 


AND ARRAY — (i, B) 


VIRGIN STATE 
A factor shipped virgin device contains all 
fusible links. 


1. All output at ''L" polarity. 
2. All P, terms are enable. 
3. All P, terms are active on all outputs. 


[—P, STATUS | CODE | 
[acrvet [a 
TC02590S 


NOTES: 

1. This is the initial unprogrammed state of ali link pairs. 

2. Any gate P,, will be unconditionally inhibited if any one of its (1, B) link pairs is programmed for a 
connection. 


INPUT-1*INPUF2 
(INPUT-1* INPUT-2) +(INPUT-3*INPUT-4) 


INPUT3*INPUT4 “= 


O-C = (INPUT-1*INPUT-2) +(INPUT-3* INPUT-4) 


TC11330S 


Figure 3. Emulation of Open-Collector Output 
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Once we have determined the outputs, we 
can proceed with defining the logic functions. 
As an example, the logic function 


OUT-0 = INPUT-1* /INPUT-2 


is shown in Table 2, term #2 where in the 
column labeled "INPUT-1"', an "H" is en- 
tered to represent a connection of the non- 
inverting input buffer of INPUT-1 and the AND 
term 2. In the column labelled 'INPUT-2", an 
"L" is entered to represent the connection of 
the inverting input buffer of INPUT-1 and the 
AND term 2. On the output side of the table, 
Og in term 0 is programmed ''A" to make a 
connection between term 2 and the OR term 
which is connected to the output pin Og: The 
output polarity of Og is arbitrarily set to 
Active-High by programming an '"'H" in the 
Op column of the polarity section. 


A sum of several product terms (AND-OR) is 
implemented by connecting multiple AND 
terms to the same OR term. An example is 
shown in Table 2, terms 4 and 5, which 
implement the logic function 


OUT-1 = (INPUT-1 */INPUT-2) + 
(INPUT-3 * INPUT-4) 


The logic function 


OUT-2 = /((INPUT-1 * INPUT-2) + 
(INPUT-3 * INPUT-4)) 


is shown in terms 9 and 10. The output is 
Active-Low as programmed ''L" in the polari- 
ty section of OUT-2. As a rule, the AND 
function is implemented in a row, whereas the 
OR function is implemented in a column. 
Since the AND portions of terms 2 and 4 are 
the same, they may be combined as shown in 
term 7, which saves a duplicated term. 


Table 2 terms 12 and 13 together emulate an 
open-collector output as an example. The 
logic equation 


O-C=/((INPUT-1 * INPUT-2) + 
(INPUT-3 * INPUT-4)) 
is implemented by first programming O-C 
Active-High in the polarity section. Terms 12 
and 13 implement the sum of product func- 


Tabie 2. Examples of Programming PLHS473 


CUSTOMER NAME 
PURCHASE ORDER # 
| SIGNETICS DEVICE # 
CUSTOMER SYMBOLIZED PART # _ 
| TOTAL NUMBER OF PARTS 
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tion. Notice that the B(O) of O-C is pro- 
grammed as a ''dot" in both terms 12 and 13, 
which, together with the polarity control, 
causes it to be unconditionally Low, since a 
disconnected OR term is unconditionally Low. 
The intersections of column D7 and terms 12 
and 13 are programmed ''A" so that the tri- 
state output buffer of B(O)7 is enabled at 
input conditions (INPUT-1 * INPUT-2) = 1 or 
(INPUT-3 * INPUT-4) = 1. Terms 10 and 11 
may be represented as shown in Figure 3. 


Signetics produces a software package, 
AMAZE, as a design tool which assists imple- 
mentation of logic design and documentation. 
For further information on AMAZE software, 
refer to the AMAZE User's Manual. Two 
simple circuits shown as examples are imple- 
mented using AMAZE. The first circuit is a 
simple cross-coupled RS latch. The second 
circuit is a multiplexer/demultiplexer which 
multiplexes four inputs to one output or dem- 
ultiplexes one input into four outputs. Both 
circuits are put into the same PLHS473 de- 
vice. 
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File Name : 473PRIME 
Date : 9/4/1986 
Time : 15:53:28 


Odeanenanacananadadad PIR LIS T Rebnaananeeenenageaes 


LABEL #¢ FNC #tPIN --------- PiINe# FRC ## = LABEL 
1§ 8] fH} 1724 a4 45V eeVCC 
AR te] tt 26) 4-23 te /0 #49 
w/C ## ]  ## Jo) F 3-22 #4 /0 ##QN0T 
n/C ee] @8 4-) L i-2] #8 /B ean/C 
wit ae] ot §-) HW 3-20 €4€8 | OF 
wit et b-) § fHh9 ee BAN/C 
w/C #1 ot J~) 4 t-fB #80 HON/C 
wie et 8b B-) 7 tnt? €& /B taN/C 
$0 t#] ## 9) J i-t6 ee Bo tap 
St ee] tt 10-3 t-t5 te Beal 
DIR ee ## Mle} 1-14 #8 B 448 
6ND #8 QV 88 12-5 ief3 #4 BR FRA 


TB03170S 


Figure 4. Pin List 


File Naee : 473PRIME 
Date : 9/4/1986 
Tiee s 15:54:14 


QDEVICE TYPE 
PLHS473 
QDRAWING 
QREVISION 
QDATE 
QSYNBOL 
File nane = 473PRINE 
QCOMPANY 
QNANE 
QDESCRIPTION 
QCOMMON PRODUCT TERN 
€1/0 DIRECTION 


"The 1/0 DIRECTION definition is optional, and say be defaulted 
to the PIN LIST unless it is bidirectional and is controlled by 
& logic equation. * 


“eeaaccaceaeseeacedsa 1/0 DEFINITION FOR R/S LATCH eeedecececuaeaceee ° 


DB=13; “ Each output aust be defined seperately by its own 
logic equation. * 
Wei; 


*egeeceeeneeeces 1/0 DEFINITION FOR MUX/DEMUX CIRCUIT seeecereereceee ° 


D3 = DIR; " When DIR = 1, B3, BZ, Bi, BO becoae outputs. Data flows 
troa F to A, B,C, OD. ” 

02 = DIR} 

Di = DIR; 

DO = DIR; 


DS = /DIR ; * When DIR = 0, BS becomes an output, output buffers 
of BO to B3 are disabled. Data flows from A, 8B, C, 

Dto F. * 
Figure 5. Boolean Equations 


TB03180S 
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@QUTPUT POLARITY 


* The definition of output polarity is optional and gay be defaulted 
the PIN LIST. ° . 


* ebegececedected POLARITY DEFINITION FOR R/S LATCH teateteteeece * 
18, 7213 * Gutputs with the sase polarity eay be defined 

in the saae equation. Since the outputs @ and 

QNOT are detined as active LOW, this equation 

causes the YOR to function as an inverter. " 


* dbeeeeeeee POLARITY DEFINITION FOR MUX/DEMUX CIRCUIT teteceeeeee * 


XS, %3, 42, X41, 10 = 6; " Outputs BO, BI, B2, B3, BS are active 
HIGH. ° 


@LOGIC EQUATION 


" Sebdteaaeeecatetee EQUATIONS FOR R/S LATCH tedeeeteceeeeeteeereee * 


Q = /{ /5 # QNOT } 3; * The equation aust used the toraat 
output = /( ...05. )§ Since output 
@ is defined as active LOW. ° 
QNOT = /{ (AR #Q) ; 


* seegeecececeds EQUATIONS FOR MUX/DEMUX CIRCULT seeeeeecececezeece * 

F=(h# /S0 4/51) ¢ 
{Be $0 # /St) + 
(C#/SO# SI) ¢ 
(De SO@ St) 3 


(F#e /S0# (SE) 3 
(Fe SO # /SE) 3 
(F#/SO# SI) ; 
(Fe SO # St) ; 


Figure 5. Boolean Equations (Continued) 


vw ow p> 
t tm ft 
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File Maae : 473PRIME 
Date : 9/4/1986 


Tie s 15:96:24 


Cust /Project - 


Date - 
Rev/I. D. i 
PLHS473 ' POLARITY ' 
te "LLLLLHLHHRH ! 
E 8 wen we oe et OURO OMETORSHE EE DEME NODES 


R! ! ' BG) '€ 0 Blo) 


a ee 22S eee 


M '19876543210'876543210'BAG76543210'BAB 746543210! 


wenl (ons sores beeorerree iSratechnees isarrcectes= : 
Ql eanees=s4= Ri-He<-s"=* TAR. ALAL. TARALALAL Lo! 
Lisssctness Hel Rassesea= "AR, ALAL. AR ARAL... 
Lieb Lesee<e<6 Lsen srs H'AA,.ALA....'AR, ARAL! 
SerllaoeHe“e= jeseenee H-'AA. ALA...» SAR. AAA....! 
REN sese--"= cae H-~'AA, A.A... 'AR. ARAL. .e! 
P| paca eens H---'AA, A.A...) SAA. ARAL. ! 
8 -L Low n-nn eH nn TAAL ALA. TAAL ALAS. A! 
Pal hess raceaaeee TAR, ALA... TAR, ALAA! 
ee cetata feariisseo< TAR, Aare re AR. AAA! 
Sieirceecsss peteleeaae TAA. ALA... SARL ALAR. .e! 
IO laeeensesss< aecascess TAAAAA.AL. TAR AA. oon! 
Pihsssateers leseersees "AA. sALARARATAR, ALAL...! 
i2iiess-s2- == peaeheners TAR. AAA cee AR. AAs! 
[J leresensssee lectenses= leeceencenerlecesenevees! 
[Gp lesssereres> sarees leecccersces ecceereener: 
[Slaseereeeor lagenerse~ Vecceereeee eccteuresen! 
Ig !aceoesess<s esaaeesee WESTELET EES R ESTEE 
|] esensseesee yosetenees Leccnvecevenlseceveveeses 
IG ssteceesees Lsesnsscve leceeverecoe eeeeeesenne: 
Py tessasennees poesseeeer teenees coves leserveseens : 
£0) sserenssens jesseenee= leeceeccvnvrececevencers 
Eb sehesescen= Lostenseee Vevscusccren esesevvcves! 
EL) seeseeseses pacesseees laseecceenetesuvenecese: 
£5 Stasseseocs yessenrse* Veveveceevesleveesesvnee. 
DSSWNNNNN// QGRFNDCBA NNGQNFNDCBA 

TLO////7/R5 WS aw 

R Cccctc OC ce acc 

T T 
TB03160S 


Figure 6. Program Table 
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INTRODUCTION 

* The general technique underlying the opera- 
tion of this A/D converter is illustrated by the 
fuctional block diagram in Figure 1. The 
system consists of a D/A converter, a com- 
parator circuit, and digital logic circuitry. The 
digital logic circuitry outputs a digital vaue 
which is converted to analog by the D/A 
converter. 


The comparator senses when the output is 
greater or less than the input and causes the 
digital circuit to decrement or increment its 
digital output respectively. The initial conver- 
. sion is completed in 13 clock cycles. If 
tracking mode is used, the A/D converter 
then tracks the input voltage as it changes by 
incrementing or decrementing 1-LSB per 
clock. The tracking function makes it possible 


to make an A/D conversion in one clock 


cycle if the input changes less than the value 
of 1-LSB per clock period. The conversion 
_ may be halted and the digital output, as well 
as the converted analog output from DAC, will 
hold their output constant indefinitely. This 
feature works well as-sample-and-hold since 
its output voltage will not decay over time 
whereas the output of an analog sample/hold 
_ will decay due to charge leakages. 


‘in order to-avoid the violation of setup time by 
the output of the comparator, its output is 
latched. There is a built-in 2-phase clock in 
U2 which may be used to drive the logic 
circuitry and the latch of the comparator (see 


~ Signetics NE5105 data sheet for details on 


output latches of voltage comparators). 


The analog input voltage may be sampled 
and held by an analog sample/hold circuit to 


ANALOG INPUT 


AN28 — 


High-Speed 42-Bit Tracking A/D 
Converter Using PLS179 


Application Note 


keep the input to the ADC from changing. The 
DONE output may be used to control the 
sample-and-hold if. needed. 


This paper discusses only the digital circuit 
which contains the SAR and the Up/Down 
Counter. The analog circuits are not within 
the scope of this paper. 


SAR 

Two PLS179s are connected together to form 
a 12-bit shift register and up/down counter. 
The schematic diagram of the A/D converter 
is shown in Figure 2. U2 contains bits 0 to 4 
and U1 contains Bits 5 to 11. Interconnects 
are made as shown in the diagram. The 
digital output to the DAC is in natural binary 
format (e.g. 0000 0000 0000 equal zero, and 
1111 1111 1111 is full scale or 4095). After 


the/ST input becomes 0, at the rising edge of . 


the next clock, the SAR is initialized to half- 


scale (1000 0000 0000) and the DONE flip- - 


flop is reset to output 0 which causes the 
open-collector output /DONE_OC to become 
high impedance. The digital output is convert- 
ed by the DAC and is compared to the analog 
input voltage by the comparator. If the digital 
output is greater than the analog input, the 
SAR shifts the 1 to next MSB on the right. 
The content of the SAR becomes (0100 0000 
0000). If the digital output is still greater than 
the input, the SAR shifts right one bit again. 
The content of the SAR then becomes (0010 
0000 0000). The shifting of 1 to the next MSB 
in equivalent to reducing by half the value of 
the bit under consideration. If the output is 
still too large, the SAR reduces it by half 
again by shifting to the right one more time. 


12-BIT SAR 
AND 
UP/DOWN COUNTER 


The SAR keeps shifting to the right until the 
digital output is less than the input. When the 
output is less than the input, the SAR adds 
one bit to the next MSB while keeping all the 
higher order bits unchanged. For example, if 
the current output is 0001 0000 0000 and the 
output is less than the input, the SAR adds 
one bit to the right at the next clock. The 
output becomes 0001 1000 0000. The output 
is again compared to the input. If the addition 
of that one bit is too much, it will be shifted to 
the right until the output becomes less than 
the input. When that happens, that SAR will 
again add one bit to the right. The algorithm 
of the SAR may be summarized as the 
following: If the output is greater than the 
input, shift to the right; otherwise add one bit 
to the right. This process continues until all 12 
bits have been operated on. The last bit (Bit 
0) is always changed from 0 to 1, which is 
used as the condition to set DONE to 1 
which, in turn, sets open-collector output, 
/DONE_OC, to 0. 


UP/DOWN COUNTER 

After DONE becomes 1, if /ST and /HOLD 
are 1 and /TRACK is 0, the SAR turns into a 
12-bit up/down counter. If the analog input 
voltage increases, the counter will increment 
by 1 at every clock until it matches the input. 
if the input decreases, the counter will decre- 
ment by 1. When /HOLD becomes 0, the 
counter is inhibited and the output is held 
indefinitely. The counters consist of 12 toggle 
flip-flops and 2 p-terms per flip-flop for direc- 
tional control. The counter will operate only 


DONE 
DONE_OC 
CLOCK 1 
CLOCK 2 


> 12-BiT DATA OUTPUT 


COMPARATOR 


8D00730S 


Figure 1. Functional Block Diagram of 12-Bit High-Speed A/D Converter 
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Figure 2. Schematic Diagram of 12-Bit High-Speed A/D Converter 
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after the approximation cycle is completed 
and DONE is 1. 


Since the /ST and /HOLD inputs may be 
asynchronous with the clock, in order to 
minimize the possibilities of having a metasta- 
ble condition from happening, these inputs 
close-up are latched by flip-flops /START of 
Ui and /HLD of U2 respectively. Once they 
are latched, subsequent operation begins at 
the rising-edge of the next clock. The output 
of the comparator may be latched to prevent 
setup time violation. (Signetics NE5105 is a 
high-speed comparator with an output latch. 
External latch may be used with other com- 
parators.) 


CLOCKS 

U2 generates an optional 2-phase clock 
which may be used to control the latch of the 
comparator. The two clocks are basically 
180° out of phase and CLOCK2 has an 
additional 25ns propagation delay behind 
CLOCK1. CLOCkz2 is used to drive the clock- 
inputs of the PLS179 devices. 


The clock frequency is controlled by R and C. 
Those who want to use the built-in clock 


CLOCK 1 = 
| — tp < 25ns 


CLOCK 2 


should experiment with RC time constants for 
the best value. it is recommended that the 
capacitance should be less than 1000pF for 
best results (see Ap Note AN13 for more 
detail). 


DONE AND /DONE__OC 

The output DONE is reset to 0 when /ST is 0. 
It remains O until the approximation cycle is 
completed. After the least significant bit be- 
comes 1, the DONE bit becomes 1 at the next 
clock. It remains 1 until it is reset again by 
input /ST. 


The /DONE_OC output is configured to emu- 
late an open-collector output. The output is 
programmed to have a logic 0. When DONE 
is 0, the Tri-state output buffer is set to Hi-Z 
condition. As soon as DONE equals 1, the Tri- 
state buffer is enabled and /DONE_OC be- 
comes 0. 


In the initial phase of A/D conversion, 13 
clock cycles are required. It is essential that 
the input voltage to the comparator remains 
unchanged while the SAR is converting. It 
may be necessary to have a sample/hold at 


rs | ty 21 CLOCK PERIOD 
| 


BITS 0-11 es 


DONE_OC 


SUCCESSIVE APPROXIMATION 


eteseeatstscresesssenaastats earesetoentatstresendintenstaesecaneanteteertaneere rar avanahatgtgte tone stgte taal st ctretasntate? 


the front end. The DONE output may be used 
to control the analog sample/hold circuit. 


INPUT LATCHES 

Flip-flop /START and 2 p-terms in U1 are 
configured as a non-inverting D flip-flop. The 
input, /ST, and the output /START have the 
same polarities. Flip-flop /HLD and 2 p-terms 
in U2 also form a non-inverting D flip-flop. The 
output /HLD and the input /HOLD have the 
same polarities. 


AMAZE INPLEMENTATION 

The implementation of the logic circuit using 
AMAZE is as shown in the appendices. The 
SAR circuit is first designed as a state ma- 
chine (file name: ADCS.SEE). It is then parti- 
tioned into two PLS179s after proper pin 
assignments are made. Then the up/down 
counter, input latches, 2-phase clocks and 
the open-collector output, are implemented 
by using Boolean equations in their respec- 
tive .BEE files (file names: ADCB1.BEE and 
ADCB2.BEE) in AMAZE. The files are then 
assembled to produce the fuse-maps of 
PLS179 (ADCB1.STD and ADCB2.STD). 


DATA VALID 


WF20570S 


Figure 3. Timing Diagram of Successive Approximation Cycle 
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APPENDIX A: STATE EQUATIONS OF SAR 


File Name : ADCS 
Date s 10/21/1986 
Time +: 11:22:14 


@DEVICE SELECTION 
ADCB1/PLS179 
ADCB2/PLS179 


@STATE VECTORS 
£ /START, BIT11, BIT!10, BIT9, BITS, BIT7, BITS, BITS, BIT4, BITS, BIT2, 
BIT1, BITO, DONE } 


INIT 
HALFSCALE , 
$T2048 
ST1024 
STS1i2 
ST2564 
ST128 
ST464 
ST32 
ST16 
ST8 
ST4 
ST2 
ST1 


o 
| 
I 
! 
1 
} 
! 
1 
I 
1 
{ 
t 
i 
i 


“START CONVERSION PROCESS" 
"SET SAR TO HALF SCALE” 
“PRESENT STATE = 2048 (HALF SCALE)" 


‘eo as wa 48 ws we ws we 


nn | | 


| 
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| 
| 
i 
| 
= 
fan) 
oO 
o 
fo 
fo) 
> ° 
eceoooo0oo0ooocoeooo 
vroorrvrovuTrocrvocerecgy 


at 66 wp st ws ‘ap 


AD1024 
ADS1i2 
AD256 
AD128 


{ 
| 
he 
{ 
i 
! 
I 
t 
i 
| 
! 
l 


"ADD 1 BIT TG THE RIGHT" 


sae ‘ee 


1 
! 
| 
he 
1 
| 
! 
t 
I 
! 
! 
} 
I 
! 
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i] 
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SH1024 
SHS12 
SH256 
SH128 
SH64 
SH32 
SH16 
SH8 
SH4 
SH2 
SH1 
SHO 


"SHIFT ONE BIT TO THE RIGHT" 


‘as wwe WO we 48 we en ME 
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@INPUT VECTORS 


{C COMPARE 1 
GREATER = 1b 3; “IF DIGITAL OUTPUT IS GREATER THAN ANALOG INPUT, ...." 
LESS = Ob 53 “IF DIGITAL OUTPUT IS LESS THAN ANALOG INPUT, ...." 


@OUTPUT VECTORS 


TB03320S 


November 1986 9-183 


Signetics Application Specific Products Application Note 


High-Speed 12-Bit Tracking A/D Converter Using PLS179 AN28 


APPENDIX A: STATE EQUATIONS OF SAR (Continued) 


@TRANSI TIONS 
WHILE C INIT J 


WHILE 


WHILE 


WHILE 


WHILE 


WHILE 


WHILE 


WHILE 


WHILE 


WHILE 


WHILE 


WHILE 


WHILE 
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C 


IF £3 THEN C HALFSCALE 1 “INITIALIZE REGISTER TO HALF SCALE” 
ST2048 J , 
IF C GREATER J THEN [C SH1024 ] “IF GREATER THAN, SHIFT 1 BIT" 
IF C LESS J] THEN £ AD1024 Jj "IF LESS THAN, ADD 1 BIT" 
ST1024 ] 

IF € GREATER 3 THEN C€ SHS12 J 

IF € LESS 3 THEN C ADS12 J 

$1512 J] 

IF € GREATER 3 THEN C SH256 ] 

IF C LESS ] THEN C AD256 } 

ST256 3 

IF € GREATER 3 THEN C SH128 }] 

IF C LESS J] THEN CC AD128 1 

ST128 J 

IF C GREATER 1 THEN € SH44 J] 

IF C€ LESS 2 THEN C AD44 1 

ST64 J] 

IF € GREATER J THEN C€ SH32 ) 

IF € LESS 3 THEN C AD3S2 1 

ST32 3 

IF € GREATER 2 THEN C SH16 J] 

IF € LESS J THEN C AD14 1 

ST16 J 

IF € GREATER 1 THEN C SHB 3 

IF £€ LESS 1 THEN C€ ADS 1 

Ste 

IF € GREATER J THEN € SH4 1 

IF € LESS 7 THEN { AD4 1 

ST4 J 

IF € GREATER 3 THEN C SH2 J 

IF £€ LESS ] THEN € AD2 3 

ST2 1 

IF € GREATER J THEN C SH1 } 

IF € LESS 1 THEN C AD1i 1 

ST1 1 

IF € GREATER 1] THEN £ SHO Jj 

IF C3 THEN CEND) 
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File Name : ADCB2 
Date : 10/21/1986 
Time : 10:36:26 


HRRHROKHKERHHHGHHARHE P IN L IS TF ##8#enetereeenanednns 


LABEL #2 FNC ##PIN 
CLOCK en CK ue 
/START wet +t 
COMPARE ee + 
4 
4% 
ete 
+ 


*#4¥BIT4 
#eBITS 
*#eBIT2 
ee #eBITI 
er #*#*#BITO 
a *#e DONE 
+e #eHCLOCK2 
% 


WNeKY OTD 


I 
I 
I 
I 
I 
I 
I 
I 
/ 
QO 
ov’ 


File Name +: ADCBi 
Date : 10/21/1986 
Time «s 10:53:27 


SHEKESHNHHGHEAHROREHE P I ON _ § S T seeeeesineeecacaanees 


LABEL ## FNC #8PIN -----——-———— PINws FNC a2 LABEL. 
CLOCK ee CK 88 1-] 1-24 #8 +5V #eVCC 
/ST #2 J et 2-3 {+23 #2 /B #EN/C 
COMPARE ue oF we 8 3-} i-22 ## O ##/START 
/HLD +e I “e+ 4-} P i-21 ## O #HBITIil 
/ TRACK “n I ae 3-3 tL 1-20 ## G *##BITIO 
BIT4 we He 6-1} § 3-19 #2 GO #eBITS 
BITS "% J ee 7-5 1 i-18 #* 0 *##BITS 
BIT2 “en J se 6 68-[ 7 $-17 ## 6 #HBIT7 
BITt ¥en J ee 9} 9 i-16 ## 0 #EBITO 
BITO ue T *#® 10-3 I-15 ## O *##BITS 
DONE ae I #% 11-} i-14 ** /B ##N/C 
GND #%® OV ## 12-2 t-i3 4% /OE *##N/C 
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File 
Date ¢: 
Time +: 10:54:48 
@DEVICE TYPE 
PLS179 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 

FILE NAME : 


@cOoMmPaAny 


@NAME 


@DESCRIPTION 


@COMMON PRODUCT TERM 


Name : ADCBi 
10/21/1986 


ADCB1 


@COMPLEMENT ARRAY 


- @1/0 DIRECTION 


@0UTPUT POLARITY . 


- @FLIP FLOP CONTROL 


- @QUTPUT ENABLE — 
. @REGISTER LOAD 


@ASYNCHRONOUS PRESET/RESET 


- @FLIP FLOP MODE 


@LOGIC EQUATION 


“NON-INVERTING INPUT LATCH: 


START : J = 


K = 


ST 


a 
tJ 


/ST 3 


/START = 


"UP/DOWN COUNTER ROUTINE” 


/BITS 3: T= 


/START * TRACK *# DONE # 


/BIT2 * /BITS « /BIT4 + 
/START * TRACK * DONE «* 
BIT2 * BITS * BIT4 ; 


/BIT6 : T 


/START # TRACK * DONE « 


/BIT2 * /BITS * /BIT4 * 
/START # TRACK * DONE * 
BIT2 * BITS * BIT4 « 


/BIT7 : T= 


/START * TRACK * DONE 


/BITO * /BITL * /BIT2 
/START * TRACK # DONE 
BITO * BIT1 * BIT2 


/BITB : T = 


/START * TRACK * DONE 


/BIT2 * /BITS * /BIT4 
/START * TRACK * DONE 


/BIT9 =: T= 


BIT2 *« BITS * BIT4 


/START # TRACK * DONE 


/BIT2 *« /BITS * /BIT4S 
/START #* TRACK #* DONE 


BIT2 « BITS * BITA4 


/BITIO =: T = /START # TRACK * DONE 
/BIT2 # /BITS * /BIT4 
/BITO + 
/START * TRACK * DONE 
BIT2 # BITS * BIT4 
BITS 3: 
/BIT11 =: T = /START * TRACK # DONE 
/BIT2 * /BITS * /BIT4 
/BIT9 * 
/BIT10 + 


/START # TRACK * DONE 
BIT2 *# BITS *# BIT4 


BIT9 * BITIO ; 


eR KR KS 


“SET ALL FLIP FLOP TO BE J/K" 


/St " 


/HLD * COMPARE 
/HLD * /COMPARE 


7HLD *« COMPARE 
/BITS + 
/HLD * 
BITS 3; 
/4LD *# COMPARE 
/BITS # /BIT4 «* 
JHLD * /COMPARE 
BITS * BIT4 « 
JHLD *% COMPARE 
/BITS « /BIT6 * 
/HLD « /COMPARE 


/COMPARE 


BITS * BITS #* 
/HLD * COMPARE 
/BITS * /BITS * 
/HLD # /COMPARE 


BITS * BIT4 * 
/HLD * COMPARE 
/BITS # /BITé * 
/HLD * /COMPARE 

BITS # BITS * 
/HLD * COMPARE 
/BITS * /BIT6 * 


/HLD # /COMPARE 


9-186 


* /BITO 
* BITO 
* /BITO 
* BITO 


* 
/BITS * 
* 

BITS # 
* /BITO 
/BIT7 + 
* BITO 


BIT? 3 
* /BITO 
/BIT7 * 
* BITO 


BIT7 # 
* /BITO 
/BIT7 * 
* BITO 

BIT7 « 


* /BITO 
/BIT7 * 


* /BIT1 
* BIT1 
* /BIT1 


* BIT 


/BIT6 + 


BITS 3 
* /BIT1 


* BIT1 
* /BIT! 
/BITS + 
* BIT1i 
BITS ; 
* /BIT!1 
‘BITS * 
* BIT1 
BITS *« 


* /BIT1 
/BITS « 


* BITO # BITi #* 
BITS « BIT6 * BIT7 *« BITS * 
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File Name : ADCB2 
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@DEVICE TYPE 
PLS179 
@DRAWING 
@REVISION 
@DATE 
eSYMBOL. 
FILE NAME : ADCB2 


@COMPANY 
@NAME 
@DESCRIPTION 
@COMMON PRODUCT TERM 
@COMPLEMENT ARRAY 
@1/0 DIRECTION 
DO = RC ; “RC OSCILLATOR” 
D3 = DONE ; "ENABLE /DONE_OC TO OUTPUT A LOGIC LOW.” 
@OUTPUT POLARITY 
@FLIP FLOP CONTROL 
FC = 13 
@OUTPUT ENABLE 
@REGISTER LOAD 
@ASYNCHRONOUS PRESET/RESET 
@FLIP FLOP MODE 
"MO, Mi, M2, M3, M4, MS SET FO - FS TO J/K FLIP FLOPS." 


@LOGIC EQUATION 
“NON-INVERTING INPUT LATCH : /7HOLD " 
HLD : J = HOLD ; 
K = /HOLD ; 


“UP/DOWN COUNTER ROUTINE” 

/BITQ =: T = /START * TRACK 

/BIT1 =: T = /START TRACK / COMPARE 
/START TRACK COMPARE 

/BIT2 : 

TRACK COMPARE 

TRACK / COMPARE 


* 
* 

/START * TRACK /COMPARE 
% 
* 


T 
/START 

/BITS T /START 
/START * TRACK COMPARE 
/START * TRACK /COMPARE 


BITS + 
/START * TRACK COMPARE 


/BITS 3 
/DONE_OC = /( 1) 3 


"RC OSCILLATOR" 

RC = /@1) 5 

CLOCK1 = RC 3 

CLOCK2 = /¢( CLOCK1 ) ; “BUILT-IN DELAY OF 1 tPD" 


TBO3380S 


November 1986 9-187 


lo) 


AN28 


Application Note 


U1 ADCB1 FUSE MAP 


High-Speed 12-Bit Tracking A/D Converter Using PLS179° 


Signetics Application Specific Products 


APPENDIX D 


are Te Ter rer Tee re Tie ve See Tee ee ee Sr Sr Lee er ee ee er er or er Te ee te ee ee ee ee ee ee ee ee ee ee ee ee | 


otedatacecrtcddetecacetceceteteeeee ek) 
mEdcacacacatcctedacadecacccceteddcs abpzw 
Ntacecadacecadacatcedcatcacatcacecece ZNO 
necageecaccccreceteceretecesesess zN\U 
Olt T7T7355 ane 
mn be 0 
ae eS 
aHe wD 
Qh eo 
Qe AO 
Met pe ot wt 
~bR eer 
'$S00605000 men 
IXgITItrerrrxrr.s COOKD00000S HEA 
LsATsgLstxcrxcrrerxrxrsr:. 0000000000 MHEAK 
LILALs! TLLBII4-4 299090900900 me O 
Prgrirrrrrsaar COSOSCDO0CCOS mero 
Pl irPartreus1 4 OG1OO0900OCSOS MHRA 
09090000000 Mkraa 
909090000000 ~Precer 
DO0OG90O0S mHEO 
0000000000 apzu 
©000000000 zu 
9900000009 ZU 
O6900000000 UF 
00000000090 vudkracaew 
1XUELITLTLTTLTLILITrI.T ©C000000000 fA 
lo dadddtddadiaat 099090909000 \raedcur 
Pitdtiritsrsrar iss IIIS IIT IT cd Vocdsscoses mre 
Led SCILADAIDTATAITCALD i Adds d dd IOOINODONDOOONOS aete Mm 
PoaLDIDTITILALILILT! godt sss sdttts90O0!0000000000 mMHrN 
CO0009D0C0OO MmHrH 


2 ae aoe me we ave Dt awe Ot es ME 


'Ls&Lebsbi! 


Be cree ee cae nee re se Se OO IS eM WI A AO CE A ENYA SEE NSN SN SEES NAH A BA ONE SD oD SU SEL WOT SND A OP LOD SD CY ED A eS SEY GD WW GERD COURS GENES GANS GR CEPR Gem eam NRO 


= 

E ! 
R! 
M 


'POLARTY! 


eee ne we At HD Ne RO SNE ee Shee ee ee a ee oe RO CD ED ARO CE eee ear aue ° un amen cee cape olen amt ome 
ane 


0 
—_— we me 
-—---— OQ! 
--9oO-! 
~=-9O-! 
-~OoO--! 
-Q--! 
ici 
~—— «! 
-—-— -! 


-~HHH!- -.- -,0 - - -! 


re fF @ 


4 
‘ 
9 
9 
b 
9 
9 
9 
9 
9 


Gag at aera 


0 
=) 


' E(b)= !'Efa) = 


Sneed a 
Hi- HL -,----! 
H!- -L-,--- -! 
H!~ - HL,- - - -! 
H!- ~-bt,- -- -! 
sashes geen: 


1 
r 
° 
i 
a 


a ee 

ae ee 

~— — Hie - = = 

~-HH!---- 

L-'- -HHIL ---,- -LLI--- - 

HH!- - - 0,--- -! 

Hi- ~ 0 - 

L!i--O- 

H!- 0 - - 

L!-O- - 


$ 
3 
% 
9 
9 
: 
? 
3 
9 


6_35_4_3_2.1_0!7 


~ 


O!Al- - - -y- - - bt- - te Hye IH 


1'A!- 


‘ F/F TYPE 
'AsAsAsASASASASA! 


-!--HLIL- - - 


-!- -HHIL - - - 


t= =-HLIL- - - 
Roe ee oe er 


- Hin = - -t--- - 
L -!--HHIL - - - 
H-?- -HLIL - - - 
L 

H-!- -HLIL- - - 
H-!- - HLIL - - 
L -!- -HHIL - 


H 


H 
000!0000!0 0 


(oS be Like 
oe en ee ce ee 
© 0 0!0 00 0!0 


ea i eee a eee 


10/21/1986 


D. 
'7_6_5_4_3_2_1_0!3_2.1_90!7 


7 
t { 3 Be es core see eee we sae tee ve ae NY cD SED OND AAS POE SCD EEN SN li SSR SY SND SAYS HR SRA UI ERNE OE GED SY SED CD ENO GD END SEND GEE uy ED 
> ° 


i 
Z2°AINL 
StA'H 
Siale 
StAtH 
G6'ATL 
BAIL 
S'A'H 

- TOTAIL 
11'A'H 


File Name : ADCB1 
7!AtH 


Date 
Time =: 10:56:5 


Cust/Project - 


Date 
Rev/I. 


9-188 


November 1986 


Signetics Application Specific Products 


High-Speed 12-Bit Tracking A/D Converter Using PLS179 


APPENDIX D: U2 ADCB2 FUSE MAP (Continued) 


November 1986 


File Name : ADCB2 
Date =: 10/21/1986 
Time : 1130:7 


Cust/Project — 


TBO3350S 


Date = 
Rev/I. D. = 
PLS179 ‘ F/F TYPE ' E(b)= 'ECa) = 'POLARTY! 
a | t 4 t 
Tr! 'AsAsAz:AsAsAsAZSA! O : a 'LeLeHst! 
Ee ce i ac a a aa tess me ses Se i eee cin even ts cae ced Se ny een ios Sh bs Sec te ces Sn sk Was and mes Ss sein ies i Sn mane’ si sve‘ mcs em eco tbs orn cn cess sc 
Ri: ! I ' Bt) ! Q(p) : Q(n) ' Ba) 7 
M !C!---~--~—-----—--———~~—-~——— ~~ + 
--~!.!7_6_5_4_3_2_1_0!3_2_1_0'7_6_5_4_3_2_1_0'7_6_5.4_3_2.1_0!3_2 1.0! 
O'At—- -~ -~ -y- b - -t= - = H-t- - - HH - H'OH - Sg Sas Sw ie cece 
LPAt— -— -— ~~ H- wt ee amt ee He KH KH KITOL = at ee ee ee ee 
Z2tAt—= - -~ -,b - - H!- - - -'- b= -,- - - LIO - - -—3- -~ 0 -! eel 
StAt= - - -,b = bL H!- - - -!= b - -,- - LLIO - — -“3- OO =- =! an et 
4tAt- - - -,L - HH! —- - -'=- Lb - -,- - HL'O -. Soe Oe wat 
S'tAt— - - -,L-bL H!- - - -!- Lb - -,- ELLIO - - Oe ee es et 
6tAt— -— -~ -,L ~ H H'- - — -'=-b - -,- HHL!O - - =O me he ee wat 
TiAt=- - -~ ~,b - b H'- - - -'=- LD - -ybL ELLIO - - 0 f= = 4S. oar! 
SBt'A'~ —- - =+,L - H H!- - - -t—-L —- ~gsH HHL!IO - - O,- - - -! es et cet 
PIAI- -~ - -,L -LH'-~ ~- -!-L-L,LLL'IO-O gt ot es ey ce sen! 
1O'At—- - - -,b - H H'- — —- -'=- L - HAH HHLIO - O gtr ts ew cee Os tem, tas © ect 
BLIAS— — mye ee te RK RH te ee eye ee 109 -~ -— H~yr- -— m~ TIA ew? 
I2ZtAt— -— -— -y- ete - HHI HH Hye eK KIO KK “go Soe Hebe ew A 
IStAl— -— -— -y- - -— -'- - Ht - - -L- - - KIO - Soom eats A et 
T4tAP— -— - Hye eK LIER ee ete ee Hye He Ht - H H,H HHH'. . . .! 
IS'A!- - —- H,- - H H!- — - -'- - HH,H HH HIO - L Pigs Ne ee er et 
16'tAt- - —- H,- -— L H!- - —- —!'- - HHH HH HIO - L Sy Sar ea. an ve tt 
AIFV'A'- - ~ -,- - H H'- - - -'- - Lb H,H HH H'O -AHL,- ~- - —!t. o tt 
1BIAt- - - -,- -— L H!- - —- -!'=- - L H,H HH H!IO ~ ~ bye oe ee eae et 
ADIA!- - - -,- - HH!- -— ~ -'- - —- LLH HH H!IO - - Hat SS tee ses ee cl 
2O'AI= —- -~ ~,- -~ L H!- - - -'- ~ -~ L,H HH H'O — = Sek SSO eh ee 
21'At—- - ~ -,- - H H!- - — -!'+ - - -~,L HH HIO - - SoH ke a6 eet 
22!At- - - -y- — L Hi- — — -'=- - —~ -,L HH HIO — - he ree ee oes cast 
23'A!- - - -,- - H H!- - - -!=- - - -,- tL HH!O - “~pg>- Ht -!. « « «! 
24!Al— - - -,- - L H'- - — t= - - -,- LH H'O — = seo ae hs ses. ced an cat 
25!A!t— - —- -,- - H Hi- - — -!- -~ - -,- -L HIO - - peed ian! 5 nl Se ee ee 
26°AP— =~ mye HI em te ee Hye HL HIO - - -- -~ - bt. ww? 
27'90!0 0 00,0090 0!0 00 0!0 000,000 0!0 00 O,O DOO OD'A AAA! 
28'°0'9 000,00 0 0'0 00 O10 000,00 OD O'D DOO O,0 0 0 O'TAA AA! 
29'0!0 000,000 0!'0000!0 0006,000 0!0 00 0,0 00 O'A AA A! 
390'0!0 000,000 0'90 00 0!10 000,000 0!0 00 0,9 ODD O'ARAA AE 
31'0!0 000,000 0!10 00 0!10 000,000 0!'0 00 O,O DOOD O'TRA A AI 
FC!At~ - — mye mete eK wm ete ee Hye ee a 
Pb!.!00 00,000 0!0 00 0!0 000,000 0! . 
Rb!.'0 000,000 0!0 0 0 0!0 000,000 0! 2 
Lbo!.'0 000,000 0!0 000!0 000,000 0: 7 
Pa'.'10000,0000!0000!0 000,000 0! 7 
Ra'.!0 000,00 0 0!0 0 0 0!0 000,000 0! Py 
ta'.'0000,06000'0 00 0'0 00 0,9 000! . 
D3Stmtm— - mye em ete Ke te ee Hye ee 7 
D2!-!- - -~ -,- - - -t- - - {— — = wr wm = mI . 
Ditemtm — me mye em mt eR ete ee He Ke é 
DOtmte me mye te ee te ee eye ee ° 
NNNB//CY//CCRN/SBBBBBDN/SBBBBBDI/CCR 
///YTTHOSDLLOSHITIITQ/HIIIIIAGDtLCLC 
CCCcCTROmMTOAO00 CLTFTTTYTNCLIFITTYTINaaa 
SALPANCEC DASZILOE D43 2190ENCC 
CDAREK K EK « 
K RT .21 _2i 
= Oo . a 
Cc Cc 
9-189 


Application Note 


AN28 


|.o| 


Signetics 


Application Specific Products 


SUMMARY 

The evolution of Programmable Logic De- 
vices (PLD's) has led to the birth of a new 
generation of programmable devices desig- 
nated as PML (Programmable Macro Logic). 
The immense versatility of these devices 
brings them closer as plausible alternatives to 
semicustom design approaches in low-to- 
medium ranges of applications. The following 
paper begins with a background on PML and 
a brief description of the PML basic architec- 
ture (See Reference 1.) Next, the first PML 
devices are introduced with a detailed discus- 


AN29 


PLHS504 Programmable Macro 


Logic Primer 


Application Note 


sion of the PLHS501. The implementation of 
PML in the AMAZE software package is 
presented. A system level example intends to 
demonstrate the capabilities of PML as an 
eloquent and efficient design alternative. 


THE EMERGENCE OF THE 
THIRD GENERATION PLD 


ARCHITECTURE 

PML was introduced at WESCON '85 by 
Signetics Corporation. The unique architec- 
ture of PML breaks away into a new era of 


AND-OR CHAIN 
AND OUTPUT MACRO 


Figure 1. One of the Latest Registered PALs™ 


PAL™ is a Trademark of Monolithic Memories, Inc. 
November 1986 
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programmable logic devices. The purpose of 
the PML architecture is to overcome the two 
level AND-OR bottleneck and provide the 
user with a higher level of logic integration. 
Current PLD's rely on two levels of logic 
transformation to implement combinational 
logic in Sum-Of-Products (SOP) form. In addi- 
tion various PLD's make use of higher level 
macros such as flip-flops to form sequential 
logic functions. These macros connect the 
AND-OR chain to dedicated !/O pins. 


Figure 1 show the basic architecture of one of 
the most recent PAL™ devices. It is clear 
that this architecture is inefficient in making 
full use of the available on-chip resources. 
This is due to the fact that an unused I/O 
macro will be wasted and remains futile. 


For example, if an !/O pin is used as an input, 
the output macros are all wasted. Obviously, 
such an architecture cannot provide the user 
with an increase in the levels of logic integra- 
tion. The PML device takes advantage of the 
fundamental architecture shown in Figure 2 to 
overcome these deficiencies and waste of 
on-chip resources. As shown in Figure 2, PML 
incorporates the NAND-NAND gate equiva- 
lence to break the AND-OR bottleneck. 


The core of the PML is the programmable 
NAND-NAND network which connects the 
input and output macros to each other. Thus 
the inputs, outputs, and function macros are 
all connected by a single array. 


At the present, two devices are under devel- 
opment which employ the above architecture. 
Both devices are fabricated by the Signetics 
state-of-the-art oxide isolation process and 
are packaged in 52-pin PLCC. 


The first device available will be the 
PLHS501. The seemingly simple structure of 
this device can implement. every logic func- 
tion furnished by the current PAL™/PLA 
devices. Although the PLHS501 is principally 
a combinational logic device, its unique archi- 
tecture makes it an ideal tool for applications 
involving asynchronous state machines (See 
Reference 2.) 


The PLHS502 is a sequential logic device. It 
supplements the PLHS501 features with six- 
teen edge-triggered flip-flops. The device can 
provide diverse applications encompassing 
synchronous and asynchronous state ma- 
chine designs. 
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Table 1. Functional Description of PLHS501 I/O Pins 


41-45, 47-52, a8 
Fuse-programmabie bidirectional !/Os with Active-Low 
ai es outputs. Can be configured as open-collector outputs. 
Logic controlled bidirectional !/Os with Active-High 
B4-B7 : 
Tri-state outputs. 


Pairs of Tri-state Exclusive-OR outputs that have 
common Output Enable. 


Pairs of dedicated Active-Low Tri-state output buffers. 
Each pair has common Output Enable control. 


Pairs of dedicated Active-High Tri-state output buffers. 
Each pair has common Output Enable control. 


FUNCTION 
MACRO 


FUNCTION 
MACRO 


Figure 2. PML Fundamental Architecture 
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THE PLHS501 PML : 

The PLHS501 architecture in Figure 3 exhib- 
its an exquisite logic tool. The device provides 
a combination of 72 NAND terms, 24 dedicat- 
ed inputs (10-I23), eight bidirectional I/O's 
(BO-B7), eight exclusive-OR outputs (X0-X7), 


(x2) 


(x2) 


November 1986 


and eight dedicated outputs (00-07). Figure 
4 shows the PLHS501 logic diagram and 
Table 1 illustrates the functional breakdown 
of the PLHS501 1/O pins. 


Since the output of each NAND term feeds 
back to the inputs of the NAND array, intri- 


Figure 3. PLHS501 Logic Diagram 
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cate logic functions can be implemented 
without wasting valuable |/O pins. For exam- 
ple, in order to implement an internal 'RS' 
latch in a combinational PAL™/PLD, at least 
two inputs and two outputs are required. The 
same internal latch can be configured by the 
PLHS501 without using any I/O pins. 
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Figure 5 illustrates how 'RS' and 'D' latches 
are implemented in the PLHS501. 


Another eminent application of the PLHS501 
is in generating asynchronous state ma- 
chines. 


The blend of internal feedback paths together 
with the abundant number of gates makes 
this device suitable for designing asynchro- 
nous state machines which employ propaga- 
tion delays of feedback paths as memory 
elements as shown in Figure 6. (See Refer- 
ence 2.) 


TOP VIEW 
CD12980S 


Figure 4. PLHS501 Pin Assignments 


a. RS Latch 


. b. D Latch 
Figure 5. R/S and D Latch Implementation With PML 
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INPUT 0 


INPUT n 


OUTPUT 0 


OUTPUT m 


COMBINATIONAL 


LOGIC 


PRESENT 
STATE 


ae PROPAGATION DELAY 


NEXT STATE 


PROPAGATION DELAY 


AFOQ5060S 


Figure 6. Model of Asynchronous State Machines Using Propagation 
Delays of the Feedback Path as Memory Elements 


PML DEVELOPMENT 
SOFTWARE 


Programmable logic development software 
has become an integral part of the PLD 
design process. Without software tools PLDs 
become perplexing devices which are incon- 
venient to use. Development software en- 
ables the user to take full advantage of the 
programmable logic's resources. The com- 
plexity of the PML devices makes software an 
indispensable element in the design process. 


The AMAZE PLD design software, as noted in 
Reference 3, has been developed for 
Signetics programmable logic devices. PML 
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design and development will be fully support- 
ed by AMAZE. Figure 7 shows the AMAZE 
configuration for supporting PML. The struc- 
ture of the software is based on the following 
modules: . 

BLAST (Boolean Logic And State Trans- 


fer entry) 
.DPI (Device Programmer Interface) 
SIM (PLD functional SiMulator) 
Pl (PML Integrator) 


The foundation for the above modules is an 
AMAZE standard fuse file (STD). The STD file 
is the common means of communication 
between all the modules. The following para- 


STANDARD 
FUSE 
FILE 


DEVICE PROGRAMMER 


Figure 7. AMAZE Configuration for PML 
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graphs briefly explain the implementation of 
PML in the AMAZE structure. 


BLAST 


The basic elements of BLAST are: 

1. Boolean Equation Entry (BEE). 

2. State Equation Entry (SEE). 

3. Schematic To Boolean Converter (STBC). 


1. BEE accepts user defined logic in the form 
of boolean equations and produces an 
AMAZE standard fuse file. The boolean nota- 
tion in BEE will account for the following PML 
features. 


a. The single array architecture provides an 
option to specify the number of logic (gate) 
levels that accommodate a specified function. 
The number of gate levels dictate the delay 
between the inputs and outputs. The number 
of logic levels for each function can be 
specified using the following notation: 


LABEL [ number of logic levels ] = equation; 
where LABEL is the user designated name of 
the output pin. 


b. Some outputs have more than one gate 
associated with them (for example registered 
or EXOR outputs). The input SIDE of these 
outputs can be specifically defined. For ex- 
ample: 


Pin Label: R = eqn; 
S = eqn; 


c. User definable CLOCK Logic (e.g. as in the 
PLHS502) can be specified. 


d. For PML devices the Sum-of-Products 
(SOP) can be defined as common terms. 


BOOLEAN EQUATION 
TRY 


STATE EQUATION 
ENTRY 


SCHEMATIC TO 
BOOLEAN CONVERTER 
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2. SEE accepts state machine definitions and 
produces the AMAZE standard fuse file. Par- 
ticularly, SEE will include asynchronous state 
machine implementations utilizing the 
PLHS501. 


3. STBC converst schematic netlists pro- 
duced by CAD systems such as Futurenet!™ 
Daisy, and Mentor into an AMAZE BEE file. 
STBC will fully embody the PML in the follow- 
ing manner: 


a. De Morgan's theorem is applied to produce 
equations in SOP form. All the functions in 
SOP form are then converted into their 
NAND- NAND equivalent. 


b. The converter will determine the polarity 
and the number of levels in each equation 
and will automatically determine the correct 
output polarity. 


DPI 


Device Programmer Interface provides the 
interface between the AMAZE standard fuse 
file and a commercial programmer. It allows 
the transmission of data to and from the 
device programmer. 


SIM 


The functional simulator uses the AMAZE 
standard fuse file in the following manner: 


a. An event driven simulator will assess the 
delays within the PML in order to properly 
simulate the pattern. 


b. Automatically generates test vectors for 
the pattern simulation. 
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Pl 

The PML Integrator is a conversion that 
transforms various PAL™ or PLD circuits into 
a PML device. It will automatically fit multiple 
PAL™/PLD devices into a single PML. It is 
capable of automatically receiving patterns 
from a commercial device programmer and 
downloading it back to the programmer after 
the PML transformation. The implementation 
of an ‘Integrator’ will allow the automatic 
conversion of numerous PAL™/PLDs into a 
single PML device. 


AMAZE will not be the total extent of devel- 
opment software available for the PML de- 
vices. The task of implementing PML design 
software is already underway by a number of 
different vendors of CAD software. 


PLHS501 DESIGN EXAMPLE 

The following example intends to manifest 
the capabilities of the PLHS501. Figure 8 
shows a system formed with TTL logic. The 
system requirements make it imperative only 
to use discrete asynchronous latches. Thus, 
none of the 7 latches in the system can be 
directly replaced by registers. The system 
diagram is drafted using Futurenet' DASH-2 
Schematic Designer. The system is parti- 
tioned into two PLS173s and one PLS153. In 
order to convert the system into its targeted 
PLD's, the PINLIST (see Figures 9a-9c) has 
to be defined. Using the AMAZE PIN-LIST 
editor, the specified PLD's are labeled with 
the same labels as those on the system 
schematic (Figure 8). After the declaration of 
labels, AMAZE automatically converts the 
system to the designated PLDs. The AMAZE 


9-195 


generated boolean equation files are shown 
in Figures 9a, 9b, and 9c. Figure 10 shows 
the overall system implemented with PLDs. 
The logic condensation capabilities of PML 
makes it feasible to replace the whole system 
by a single PLHS501 (Figure 11). The 
PLHS501 in this design will still have ample 
space for any future additions. 


The above example demonstrates only part 
of the PLHS501 capabilities. The introduction 
of PML devices and their immense logic 
power will pave the way for a new generation 
of efficient and elegant systems. 
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D9'0 000,909 090 0!0 0,9 0.09,9 0 9 0! » 
D8!'90 090,90 60 0'90 0,0 09006,0 00 0! : 
D7!- —- - -,-- = - be me ye oe : 
1 es a | . 
DB me eee eee . 
D4lm mye ee ete mye ee ye ee : 
DBbm mye ee te ee ee ; 
D2!— mye me te ye ee ye ; 
D1'9 900,900 0!0 0,0 000,900 0! a 
DOP ee me we le ee ee eye we ; 
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Figure 9c. Part 3: PLS153 (Continued) 
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Figure 10. System in Figure 8 Implemented With PLD's 
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N PLASTIC: Dual-In-Line 


Signetics Application Specific Products 


Package Outlines 


PLASTIC PLCC 


1. Package dimensions conform to JEDEC protrusions shall not exceed 0.15mm forward voltage drop of a calibrated di- 
specifications for standard Leaded Chip (0.006”) on any side. ode to measure the change in junction 
Carrier outline (PLCC) package. Pin numbers start with pin #£1 and con- temperature due to a known power appli- 

2. Controlling dimensions are given in tinue counterclockwise when viewed cation. Test condition for these values 
inches with dimensions in millimeters from the top. follow: 
contained in parentheses. Lead material: Olin 194 (Copper Alloy) or Test Ambient — Still Air 

3. Dimensions and tolerancing per ANSI equivalent, solder dipped. Test eat Sates d oe 
Y14.5M — 1982. Body material: Plastic (Epoxy). ea Sete 

4. "D-E" and "'F-G" are reference datums Thermal resistance values are deter- sledk 


on the molded body and do not include 


mined by temperature sensitive parame- 


9 jc - Water cooled heat 
sink 


mold flash or protrusions. Mold flash or ter (TSP) method. This method uses the 


PLASTIC LEADED CHIP CARRIER (PLCC) 


NO. OF LEADS PACKAGE CODE DESCRIPTION 


TYPICAL 6ja/0jc VALUES (°C/W) 


A 350mil-wide Power Average Average 
A 450mil-wide Dissipation (W) 05a 8c 
A 750mil-wide 


70 30 
61 23 
42 15 


20-PIN PLASTIC PLCC (A PACKAGE) 


395 (10.03) Beet NOTES: 
"385 (6.78) AIF-G@ .007 (0.18) © 1. Package dimensions conform to JEDEC specification 


MO-047-AA for plastic leaded chip carrier 20 leads, 
@1B/D-EG) 007 (0.18) © .050 inch lead spacing, square. (issue A, 10/31/84). 
14/8 S| .002 IN/IN | 

-A- 


-200 (5.08) BSC . Controlling dimensions: inches. Metric are shown in 
parentheses. 

. Dimensions and tolerancing per ANSI Y14.5M-1982. 

. "A" and ''B" are reference datums on the molded 
body at plane ''H'' and do not include mold flash. 
Mold flash protrusion shall not exceed .006” (.15mm) 
on any side. 

. Datum "D-E" and "F-G'" are determined where these 
center leads exit from the body at plane ''H'’. 

. Pin numbers continue counterclockwise to pin #20 
(top view). 

. Signetics order code for product packaged in a PLCC 
is the suffix A after the product number. 


,010 (.25) 


MAX. R 
TYP. 3 PLACES 


356 (9.04) 
.350 (8.89) -395 (10.03) 


| 5 - ‘385 (9.78) 
yee mm i 


————— X 
042 (1.07) 


LI AIE-G S| .007 (0.18) ©) 
LA © 002 IN/IN 


.050 (1.27) BSC 
4 SIDES 


356 (9.04) 
.350 (8.89) 


032 (.81) 
026 (.66) 


mi - (0.64) 


180 (4.57) MIN 
165 (4.19) 


SEATING 
PLANE 
019 = [e[0-EG@IF-G@_.007 (0.18) @ 


ne ee .330 oon fe] F-G 


290 ( 


eran, —SABC 00 02 O 


.330 (8.38) 
.290 (7.37) 


C45 (1.14) 
025 (0.64) eDES] 1S 


853-0400 84711 PO006S3S 
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28-PIN PLASTIC PLCC (A PACKAGE) 


495 (12.57) a —"7 
“488 (1D 3D (12.32) OLAIF-GEy 007 (0.18) & 
300 (7.62) BSC 
SSID-EW 007 0.788 zg 
TSC) 00d IN7IN | | 
3 — SEDO 07 WII —O 
2010 (26) 
MAX. A_ 
TYP. 3 PLACES LL. aA ooo 
456 (11.58) q a 
450 (11.43) : : 
PIN Fen : 300 (7.62) BSC 
i] 8 
cK 4 —s 495 (12.57) 
| : : ca | 485 (12.32) 
048 (1.22) 20 —|Ler 
042 (1.07) 
.050 (1.27) BSC 060 (1.52) 
4 SIDES MIN. 
STAI Gey _.007 (0.18) OF 
a or Wd | 456 001.50) 
8 -] 460 (11.43) ei 


-120 (3.05) 


180 (4.57) 


166 (4.19) 
853-0401 84714 


019 033) | “ 
| | (430 (10.82) poo 
300 (0.66) SE=SOLOE (8) 


52-PIN PLASTIC PLCC (A PACKAGE) 


046 (1.14) 
025 (0.64) 


-795 (20.19) 


y} 0.18 & : 7 . 
LiB© /1N | ee 
|-A-| —,600 (15.24) BSC 
010 (25) | 


MAX. A 
TYP. 3 PLACES 


756 (19:20) 
-750 (19.05) 


795 (20.19) 
.785 (19.94) 
| 


| 
050 (1.27) BSC 

4 SIDES ee a 
___ -756 (19.20) ee | 


-750 (19.05) 0.025 (0.64) 
MIN. 


048 (1.22) 
erences X 
.042 (1.07) ba 


O56 (1.42) ; = 032 (.81) .120 (3.05) 
042 (1.07) r 026 (.66) .090 (2.29) 


cj 


d 180 (4.57) 
C=] 165 (4.19) 
Pe] 004 (40) | apensenel a | 
L208 ID-EQIF-G@]_.007 (0.18) & - 
045 (1.14) as 


025 (0.64) 730 (18.54) 


SF-GELO (38 
690 (17.53) E-SS) MU 


853-0397 84711 
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NOTES: 

1. Package dimensions conform to JEDEC specification 
MO-047-AB for plastic leaded chip carrier 28 leads, 
.050 inch lead spacing, square. (issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric are shown in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 

4. "A" and "B' are reference datums on the molded 
body at plane "'H" and do not include mold flash. 
Mold flash protrusion shall not exceed .006” (.15mm) 
on any side. 

5. Datum "D-E"' and "'F-G" are determined where these 
center leads exit from the body at plane "H". 

6. Pin numbers continue counterclockwise to pin #28 
(top view). 

7. Signetics order code for product packaged in a PLCC 
is the suffix A after the product number. 


015 (0.38) 
005 (0.13) 

SEATING 
PLANE 


224 (669) TERT OW O20 


218 (6.64) 
; .430 (10.92) @lD-E®) OTS (30) | 
-380 (9.91) 7 
PO00613S 


NOTES: 

1. Package dimensions conform to JEDEC specification 
MO-047-AA for plastic leaded chip carrier 20 leads, 
.050 inch lead spacing, square. (issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric are shown in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 

4. "A" and "B" are reference datums on the molded 
body at plane "'H'' and do not include mold flash. 
Mold flash protrusion shall not exceed .006” (.15mm) 
on any side. 

5. Datum "D-E" and ''F-G'' are determined where these 
center leads exit from the body at plane "H"’. 

6. Pin numbers continue counterclockwise to pin #20 
(top view). 

7. Signetics order code for product packaged in a PLCC 
is the suffix A after the product number. 


015 (0.38) 
"005 (0.13) 


| SEATING 
7 PLANE 


364 (9.25) 


“358 (0.08) SIAIBGY 010 (0.2 


($1 -EGLOTS (35}] 


POQ00649S 
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HERMETIC CERDIP 


1. 


N 


ad 


na 


Package dimensions conform to JEDEC 
specifications for standard Ceramic Dual 
Inline (Cerdip) package. - 


Controlling dimensions are given in 
inches with dimensions in millimeters, 
mm, contained in parentheses. 
Dimensions and tolerancing per ANSI 
Y14.5M — 1982. 

Pin numbers start with pin #1 and con- 
tinue counterclockwise when viewed 
from the top. 


These dimensions measured with the 
leads constrained to be perpendicular to 
plane T. 

Lead material: ASTM alloy F-30 (Alloy 42) 
or equivalent—tin plated or solder 
dipped. 

Body Material: Ceramic with glass seal at 
leads. 

Thermal resistance values are deter- 
mined by temperature sensitive parame- 
ter (TSP) method. This method uses the 


forward voltage drop of a calibrated di- / 


ode to measure the change in junction 
temperature due to a known power appli- 
cation. Test condition for these values 
follow: 

Test Ambient — Still Air — 


Test Fixture — 8), - Textool ZIF socket 


with 0.04” stand- 
off 

8c ~ Water cooled heat 
sink 


HERMETIC DUAL-IN-LINE PACKAGES 


NO. OF LEADS. PACKAGE CODE DESCRIPTION 


20 F 300mil-wide 
24 F 300mil-wide 
28 600mil-wide 


TYPICAL 6),/0j¢ VALUES (°C/W) 


Average 


Power “Average 


Dissipation (W) Oya 


20-PIN CERAMIC DIP (F PACKAGE) 


078 (1.98) aes 


078 (1.98) 
“012 (30) “O12 (30) 1. Controlling dimension: inches. Millimeters are shown in 
4 (30) ° (.30) parentheses. 

2. Dimensions and tolerancing per ANSI Y14.5M ~ 1982. 


3. "T", "D", and "E'' are reference datums on the body: . 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

| 4. These dimensions measured with the leads constrained 
.306 (7.77) to be perpendicular to plane T. ae 
5. Pin numbers start with pin #1. and continue 


piel a counterclockwise to pin #20 when viewed from the top. 
_ fae 100 (2.54) BSC 
975 (24.73) 
.940 (23.88) 
.0S8 (1.47 .070 (1.78) 320 (8.13) 
: : .290 (7.37) 
050 (1.27) (NOTE 4) 
175 (4.45) 
ry TA AA AA .200 (5.08) picked ee 
ToUuuaL Caen 145 (3.68) 


035 (.89) 
020 (.51) 


165 (4.19) 
7125 (3.18) 
an, 


(NOTE 4) 


LL. (59)_(I Te ]o@Lo10 (254) @ 


015 (.38 
= 395 (10.03) 
015 (.38) 010 (.25) 7300 (7.62) 


853-0584 81594 . PO00430S 
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24-PIN CERAMIC DIP (F PACKAGE) 


NOTES: 
098 (2.49) ewes 098 (2.49) 1. Controlling dimension: inches. Millimeters are shown in 
030 (.76) parentheses. 
2. Dimensions and tolerancing per “ANSI Y14.5M - 1982. 
3. "T", 'D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
4. These dimensions measured with the leads constrained 
306 (7.77) to be perpendicular to plane T. 
roan 5. Pin numbers start with pin #1 and continue 
.285 (7.24) counterclockwise to pin #24 when viewed from the top. 
6. Denotes window location for EPROM products. 


100 (2.54) BSC 
1.280 (32.51) 


1.240 (31.40) 
070 (1.47) paces 320 (8.13) 


"050 (.76) 290 eT 
| | (NOTE 4 
175 (4.45) fw ated 


200 (5.08) — a * 
1145 (3.68 
are | 


a 


rs = 


SEATING f 
PLANE 165 (4, 19) it 
125 (3.18) 035 (.89) i 
020 (.61) ' BSC i 
.300 (7.62) 
= (NOTE 4) L 
023 023 (.58) 015 (.38) 
[oro (284) cos) 305 (10.03) 
‘018 (28) ALTIELO @ 7 AIO"C28) 300 Tey 
853-0586 84000 P000402S 
28-PIN CERAMIC DIP (F PACKAGE) 


088 (2.49) .098 (2.49) 
.040 (1.02) 040 (1.02) NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 
2. Dimensions and tolerancing per ANS! Y14.5M —- 1982. 
3. '"T", "'D", and "E"' are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
. These dimensions measured with the leads constrained 
596 (15.19) to be perpendicular to plane T. 
514 (13.06) . Pin numbers start with pin #1 and continue 
counterclockwise’ to pin #28 when viewed from the top. 
. Denotes window location for EPROM products. 


i codes 


1.485 (37. 1.485 (37.72) 


1.440 (36.58) (36.58) 
.070 (1.78) -620 (15.75) 


.175 (4.45) 590 (14.99) 
.145 (3.68) (NOTE 4) 


.225 (5.72) max. 


-165 (4.19) \ 


aE 7125, (3.16) 055 (1.40) ' 


(.020 (.51) L 
600 (15.24) BSC = 
016 (.38) (NOTE 4) 


SE ee SITE DO. as) 8] ee Soren 
a aE S010 (254) @ a 
015 (38) LT IE 600 (15.24) 


853-0589 84000 
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Package Ouilines 


HERMETIC CERDIP WITH QUARTZ 

1. Package dimensions conform to JEDEC 
specifications for standard Ceramic Dual 
Inline (Cerdip) package. 


2. Controlling dimensions are given in 
inches with dimensions in millimeters, 
mm, contained in parentheses. 

3. Dimensions and tolerancing per ANSI 
Y14.5M — 1982. 

4. Pin numbers start with pin #1 and con- 


tinue counterclockwise when viewed 
from the top. 


WINDOW 

5. These dimensions measured with the 
leads constrained to be perpendicular to 
plane T. 

6. Lead material: ASTM alloy F-30 (Alloy 42) 
or equivalent—tin plated or solder 
dipped. 

7. Body Material: Ceramic with glass seal at 
leads. 

8. Thermal resistance values are deter- 
mined by temperature sensitive parame- 
ter (TSP) method. This method uses the 


HERMETIC DUAL-IN-LINE PACKAGES WITH QUARTZ WINDOW 


NO. OF LEADS 


PACKAGE CODE 


100 (2.54) BSC _ 
1.280 (32.51) 
1.240 (31.40) 


070 (1.47) 
050 (.76) 


DESCRIPTION 
300mil-wide 
600mil-wide 


25K 
30K 


TYPICAL O5a/0j¢ VALUES (°C/W) 
Power Average Average 
Dissipation (W) Osa Ac 
67 7.8 
52 7.0 


N 

028 (2.49) 

030 (.76) ; 

3. 

4 

306 (7.77) : 
285 (7.24) 


forward voltage drop of a calibrated di- 
ode to measure the change in junction 
temperature due to a known power appli- 
cation. Test condition for these values 
follow: 
Test Ambient — Still Air 
Test Fixture — 0)a - Textool ZIF socket 
with 0.04” stand- 
off 
6 jc - Water cooled heat 
sink 


OTES: 
. Controlling dimension: inches. Millimeters are shown in 


parentheses. 


. Dimensions and tolerancing per ANS! Y14.5M —- 1982. 


T", "D", and "E'" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 


. These dimensions measured with the leads constrained 


to be perpendicular to plane T. 


. Pin numbers start with pin #1 and continue 


counterclockwise to pin #20 when viewed from the top. 


. Denotes window location for EPROM products. 


920 (8.13) 
| ie (7.37) 
(NOTE 4 
panes 175 (4.45) ae eee | 
“— 145 (3.68 


SPLANE 165 (4.19) i 
125 (3.18) 035 (.89) : 
020 (61) 
023 (58), 015 (.38) 
853-0586 84000 
November 1986 10-7 


.395 (10.03) 
.300 (7.62) 


PO00402S 


40 


-- Signeti¢s Application Specific Products 


/ Package Outlines - 


_ 28-PIN CERAMIC DIP WITH QUARTZ WINDOW (FA PACKAGE) 


“1 088 (2.49) 
| F040 (4202) 


098 (2.49) 
040. (1.02) 


598 (15.19) 
514 (13.06) 


me \ erates 
of 4.485 (97.72) 


eect casttenenicines 


1.440 (36.58) 


070 (1.78) 
.080 (1.27) .178 (4.45) 


.145 (3.68) 


225 (5.72) max. 


165 (4.19) 
4 x] 


__ ss, 055 (1.40) 


(.020 (.51) 


016 (.38) 
010 (.25) 


+ hetth aicendaneeteimi 


November 1986 10-8 


620 (15.75) 


NOTES: 

1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

2. Dimensions and tolerancing per ANSI Y14.5M ~— 1982. 

3. "T", "D", and "E" are reference datums on the body 
‘and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 

6. Denotes window location for EPROM products. 


590 (14.99) 


(NOTE 4) 
.695 (17.65) 
600 (15.24) 


PO00391S 
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Package Outlines 


PLASTIC DIP 


1. 


nh 


ag 


> 


Package dimensions conform to JEDEC 
specification MS-001-AA for standard 
Plastic Dual Inline (DIP) package. 


Controlling dimensions are given in 
inches with dimensions in millimeters, 
mm, contained in parentheses. 
Dimensions and tolerancing per ANSI 
Y14.5M - 1982. 

"T', "D" and "E" are reference datums 
on the molded body and do not include 
mold flash or protrusions. Mold flash or 


These dimensions measured with the 
leads constrained to be perpendicular to 
plane T. 

Pin numbers start with pin #1 and con- 
tinue counterclockwise when viewed 
from the top. 

Lead material: Olin 194 (Copper Alloy) or 
equivalent, solder dipped. 

Body material: Plastic (Epoxy) 


Thermal resistance values are deter- 
mined by temperature sensitive parame- 


forward voltage drop of a calibrated di- 
ode to measure the change in junction 
temperature due to a known power appili- 
cation. Test condition for these values 
follow: 
Test Ambient — Still Air 
Test Fixture — 6), - Textool ZIF socket 
with 0.04” stand- 
off 
8 jc - Water cooled heat 
sink 


protrusions shall not exceed 0.01 inch 
(0.25mm) on any side. 


ter (TSP) method. This method uses the 


PLASTIC DUAL-IN-LINE PACKAGES 
NO. OF LEADS ° 


PACKAGE CODE | DESCRIPTION TYPICAL 64,/6j¢ VALUES (°C/W) 


Cu. Lead Frame Power _ Average Average 
300mil-wide ee (W) Oya 8jc 
Cu. Lead Frame 20K 25 
300mil-wide 
25K 1 es 25 
Cu. Lead Frame 50K 10 18 
600mil-wide a 
20-PIN PLASTIC (N PACKAGE) 
sgh 
1. Controlling dimension: inches. Metric are shown in 
parentheses. 


2. Package dimensions conform to JEDEC specification 
MS-001-AE for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 20 leads (issue B. 7/85) 

. Dimensions and tolerancing per ANSI 114. 5M-1982. 

"T", "D" and "E" are reference datums on the moided 

body and do not include mold flash or protrusions. Mold 


oO 


.255 (6.48) flash or protrusions shail not exceed .010 inch (.25mm) 
.245 (6.22) on any side. 
5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 
6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the iop. 
-100 (2.54) BSC 
1.057 (26.85) 
1.045 (26.54) 
___ 064 (1.63) ~~ a 
.045 (1.14) (NOTE 5) 
~——— 
160 (4.06) 125 (3.18) 


135 (3.43) 115 (2.92) 


035 (.89) 


020 (.51) 
138 (3.51) 300 (7.62) 
120 (3.05) (NOTE 5) 
022 (.56) 015 (.38) .395 (10.03) 
017 (.43) 010 (.25) 300 ( 7.62) eee 


853-0408 81234 


- | 40 
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24-PIN PLASTIC (N PACKAGE) 


.255 (6.48) 
.245 (6.22) 


-100 2.54 (BSC) 
1.256 (31.90) 
1.240 (31.50) 


nyty 


045 (1.14) 


il 


U a‘ 


-160 (4.06) 
135 (3.43) 


eT 


ny 


138 (3.51) 
022 (86) -120 (3.05) 
——————-—-_ To y OV) 
017 (43) 1 TIE|OG) _.010 625) 6] 
853-0410 81236 
28-PIN PLASTIC (N PACKAGE) 
-560 (14, 22) 
-545 (13.84) 
-100 (2.54) BSC 
1.460 (37.08) 
: 1.418 (35.94) 
064 (1.63) 
O46 (1.14) 


ne ee .200 (5.08) 
SAAR ARARAR ARE 765 (418) 
138 (3.51) 020 (51) 
.120 (3.06) 
022 (56) 018 (28) 
O17 (.49) 010 (.26) 


| 853-0413 84099 
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125 (3.18) 
115 (2.92) 


09589) 
.020 (.51) 


015 (.38) 
010 (.25) 


155 (3.94) 
.146(8.68) 


NOTES: 

1. Controlling dimension: inches. Metric are shown in 
parentheses. 

2. Package dimensions conform to JEDEC specification 
MS-001-AR for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 24 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANS! Y14. 5M-1982. 

4. ""T", "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 


322 (8.18) 


.300 (7.62) 
(NOTE 5) 


395 (10.03) 
.300 ( 7.62) 


PO00320S 


NOTES: 

1. Controlling dimension: inches. Metric are shown in 

parentheses. 

2. Package dimensions conform to JEDEC specification 
MS-011-AB for standard dual in-line (DIP) package .600 
inch row spacing (PLASTIC) 28 leads (issue B. 7/85) 

. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

. 'T", "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

5. These dimensions measured with the leads constrained 

to be perpendicular to plane T. . 

6. Pin numbers start with pin #1 and continue 

counterclockwise to pin #28 when viewed from the top. 


> wo 


.620 (16.75) 


600 (15.24) 
(NOTE 5) 


mai ae 


695 (17.65) 
600 (15.24) 


PO00372S 
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